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SVIC NOTES

MEASURED DATA AND TAILORING

The iInstitute of Environmental Sciences and the Defense Material Specification and
Standards Office recently co-sponsored the first of a series of conferences on tailor-
ing environmental design and test requirements. Many worthwhile findings and
recommendations were made, and some unresolved issues were identified. Addi-
tional issues arose as a result of the discussions of the working group reports on the
last day of the conference. Time does not permit a complete review of this confer-
ence; it will appear in a future issue of this publication. However, the availability of
measured environmental data was one of the issues that arose during the confer-
ence, and it will be discussed briefly.
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All of the working groups recognized the importance of access to measured environ-
mental data, or to some type of environmental data bank, in their recommenda-
tions and findings. One working group recommended funding a program to measure
environmental data on those vehicles where it is not available. Questions on envi-
ronmental data following the working group reports included:
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® What are the sources of environmental data?

® Assuming some type of data bank was established, what form should it take?
Should it be a large data bank, or should it be a network of smaller data bases
interconnected by computers?

® How useful, or valid, are data published in technical reports or technical
journals?
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The issue of environmental data alone raises many questions in addition to those
listed above. For example, how long are measured data useful or valid? What
percentage of time is it possible to obtain data measured in the exact location of
interest on the platform?
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An even more important issue, and one which is closely related to measured envi-
ronmental data, is how to translate the measured data into meaningful design or
test requirements. Appendix 1 to Method 514.3, in MIL-STD-810D, provides some
guidance on translating field data; but judging from the discussions, and the many
questions raised on this subject during the conference, more guidance is needed.
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EDITORS RATTLE SPACE

PEAK vs RMS VIBRATION MEASUREMENTS

Since the mid 1960s engineers have sought a single index, based on a vibration
measurement, that would be indicative of machinery condition. Although peak and
RMS (true) vibration measurements have been proposed for this index, controversy
over the suitability of one or the other has delayed a final decision. A panel session
at a recent Vibration Institute meeting shed some light on the issue but did not
resolve it.

if the controversy is to be resolved in favor of either index, values of the index
will have to be related to damage levels of equipment. During the last 20 years no
concrete work has been published on the relationship between either index and
machine condition. Arguments have been based on single examples, sometimes
contrived to make a case for one of the measures. | suspect that, if the truth were
known, neither index would satisfy all requirements because of the varied nature
of equipment. On the other hand, it seems to me that either index could be used if
suitable calibration and study were undertaken: changes in the index in response to
condition changes are the most important criteria. Of course we would like to select
the index that shows the best sensitivity - the largest change of index for smallest
change in condition.

It is certain that in order for the U.S. to move ahead on this issue, we will have to
adopt one or the other index, either peak or RMS. Most U.S. engineers favor peak
measurements; it would, therefore, seem natural to choose that index. However, in
an attempt to maintain consistency with the International Standards Organization
(1S0), the American National Standards Institute (ANSI) has tried to adopt the
RMS measure. This action has been subject to subtle resistance with the result that
U.S. engineers have no standard measure and cannot help but be confused when
selecting meters for measurament.

Wouldn't it be better to adopt the peak measure even if it means breaking with the
I1ISO, and see how it works? Wouldn't the adoption of one index be better than
this continuous and long standing controversy which has gone on since the original
ISO standards on machinery were adopted?

R.L.E.
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HARDWARE AND SOFTWARE SELECTION FOR
EXPERIMENTAL MODAL ANALYSIS

C.W. de Silva®

Abstract. Commercially available experimental modal
analysis systems typically consist of an FFT analyzer,
& modal analysis processor, a graphics terminal, and
a storage device. Digital plotters, channel selectors,
printers, hard copy units, and other accessories can
be interfaced, and the operation of the overall system
can be coordinated through a host computer to
enhance its capability. The selection of hardwere
for & particular application should address specific
objectives as well as hardware capabilities. Softwere
solection is equally important. Proper selection is
difficult unless the underlying theory is understood.
In pearticular, determination of transfer functions via
FFT analysis; extraction of natursl frequencies;
modal damping ratios and mode shapes from transfer
function data; and the construction of mass, stiffness,
and dsmping matrices from modal dats should be
considered, The psper addresses these issues. Four
commercislly availsble modal analysis systems are
considered in 8 comparative evaluation.

In today’s industry dynamic testing is being exten-
sively incorporated into the design development,
quality control, and qualification of products. A
wide spectrum of devices and components ranging
from large missiles, reactor coolant loops, and auto-
mobiles to delicate sensors, transducers, and micro-
processor modules is tested in this manner. The
primary objective of testing is to determine the
dynamic behavior of the test object. This informa-
tion can be used for fault diagnosis, design improve-
ment, and evaluation of the operational capability
of a system.

Dynamic tests typically involve applying a measured
forcing excitation along a natural direction (degree of
freedom) of the system and measuring the system
response at that location as well as at other critical
degrees of freedom. The wide choice of forcing

excitations available -- impulse, sine sweep, sine dwell,
sine beats, narrow-band random, and broadband
random -- depend on the source of excitation. An
instrumented hammer is used in impact (bump)
testing. A portable shaker, typically electromagnetic,
or a large shaker table, typically hydraulic, can be
employed to provide the forcing excitation in single
frequency, multi-frequency, or random testing [1].

Analyzing the measured response signals (time
histories) allows determination of a variety of fre-
quency domain and time domain information. in
experimental modal analysis this information pri-
marily consists of natural frequencies, modal damp-
ing, and mode shapes. If an adequate number of
degrees of freedom is monitored during testing, it is
possible to determine a complete dynamic model for
the system in the time domain; specifically, mass
matrix, stiffness matrix, and damping matrix can be
extracted from test data.

This paper discusses several basic issues that should
be considered in selecting a commercial stand-alone
modal analysis system, from the point of view of
hardware and software capabilities. Background
theory pertaining to today’s modal analysis software
is introduced at the outset because it is important
in understanding the functional operation of modal
analysis systems,

ELEMENTARY THEORY OF EXPERIMENTAL
MODAL ANALYSIS

The primary objective of experimental modal analysis
is to extract natural frequencies, modal damping,
mode shapes, mass matrix, stiffness matrix, and
damping matrix of a dynamic system from a set of
measured responses at crucial degrees of freedom
{d.o.f.} for a known excitation applied at one of them
. atatime.

*Depertment of Mechenice! Engineering, Carnegie-Mellon University, Scheniey Perk, Pittsburgh, PA 16213
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Assume that the test object can be represented by
an n-degree-of-freedom |umped-parameter model

My+Dy+Ky=H ()

The nxn matrices M, D, and K are mass matrix,
damping matrix, and stiffness matrix respectively.
The forcing input vector is f(t), and y is the corre-
sponding response. Note that, during testing, only
one element of the vector t{t) is nonzero. It is cus-
tomary to assume that the energy dissipation can be
modeled by viscous proportional damping, so that
normal (real) modes exist. This assumption can be
relaxed eventually by incorporating complex modes.
Proportionally damped systems, in the absence of
forcing excitations, can be excited by a suitable
initial condition so that all degrees of freedom move
in proportion at a fixed frequency. This fixed pro-
portion, which can be represented by a vector of
arbitrary scale, describes a mode shape, and the
associated frequency is the natural frequency of that
mode.

Assume that each degree of freedom has an associ-
ated inertia (mass} element. This means that the
system does not possess static modes (or residual
flexibilities). |f static modes are indeed present,
they can be accounted for by assigning refatively
large natural frequencies to the corresponding modes
in the present formulation. Rigid body modes (or
zero-natural-frequency modes) can be directly in-
corporated. An n-degree-of-freedom system has n
modes. The corresponding mode shape vectors are
linearly independent in the present formulation.
The matrix of mode shape vectors, or modal matrix,
normalized with respect to the mass matrix is given
by

Yely, .y, -2l (2)
The modal matrix is nonsingular in this case. Be-
cause the transformation

y=¥a @)

diagonalizes equation (1) into a set of simple oscilla-
tor equations, it follows that the input-output trans-
fer function matrix H{jw) can be expressed as

Y(jw) = Hljw) Eliw) (4)

with j denoting the imaginary unity v/~ 1 and

-¥ e, ¥ - - - - - - - - - . . - - - - . -

|-+
10

10
-]

Each diagonal term H; is a simple-oscillator transfer
function given by

1

[uiz'a?*.?j (i“i wl

Hi(ju) = (6)

Note that w; is the i th undamped natural frequency
(in the time domain) and is approximately equal to
the frequency at the i th resonance (in the frequency
domain) for low damping. The modal damping ratio
is denoted by §;.

Equation (5) can be written in the scalar form as

3 ("i rk)r

Njw) = (7)
H.k(lw) z [wrr_wz “2i0 ol

r=1

in which ¥; and the ¥ are the i th and k th elements
of the mode shape vector in the r th mode.

Symmetry and reciprocity. Note from equations (5)
or (7) that the transfer function matrix is symmetric.
This can be interpreted as Maxwell’s principle of
reciprocity. Specifically, in the frequency domain,
the response at the k th degree of freedom when an
excitation is applied at the i th degree of freedom is
equal to the response at the i th degree of freedom
when the same excitation is applied at the k th degree
of freedom.

Extraction of mass, stiffness, and damping matrices.
After the modal data have been experimentally deter-
mined, the time domain model, given by equation
(1), is extracted (identified) by using the following
relationships; they result from the transformation
shown in equation (3).

The mass matrix is given by

Metyy)! ®)

" ‘i‘ LESEN A RS RERHTURI L L S Sy I L I N b IV T S BRI RIS T S I J
MW NN v NG :\i‘-ﬁxﬁ:‘-’$}‘<"$‘f‘$‘ "':‘:':‘::‘ NN NN

A l'z'ai..‘u‘g \‘; W [} ' 99 S 3 f-'..\" Do ~ SN \I'.-I.‘-'P-.i.. < NN .3 '\‘\
N ALY Dt . y 2t SERLYE VSRS YRS v, v

. l.' |.' .
NN

_,
Ir. .'

-

Cateeta e £
‘ .
D A o

vy

e -" ... ./ -‘

A

N AN
s ¢

PN

5

..L.
L

oY

)

R,

-

AP

n

RPN
'3

*
o

¥ A

P n AR ALAM
-

'. -
I.’I

5 "~I L]

-

88 .‘}-




PO
. -'.o.,-
3 jf_._i:.
;x The stiffness matrix is given by Step2 Compute the power spectral densities Rt
3 ®;i(w) and ¥y, (w) and the cross spectral :,}:'.;'
¥ Y2 densities ®;; (w) =
! bV 2 3D v

E K- [! t 4 ] 9) Step3 Compute the transfer functions using .:-_‘.:'
' 1o} (o) S
E H, (jo) = & e
3 ik ¢ (v) Ty
5 and the damping (proportional) matrix is given by " i
and ordinary coherence functions using .r‘_’-'._

& 2 :. Py
? /@2 & 0‘) ° y 2 = 'Qik l -.:_-:.;
i R [ Vg e ¥'] -1 * * % ;:"j:f,.
» [ U@z, w) ) for all available combinations of i and k; A
check for symmetry when possible ]

£ RN
(10) Step4  Pick the best transfer function on the t} 4
; basis of high coherence; i.e., close to unity '.‘.-:f:\'
¢ Note that the middle matrices on the right-hand bt
B sides of equations (9) and (10) are diagonal. Further- Step 5  Calculate the natural frequencies and ol

He more, because matrix inversion is needed at this modal damping ratios by curvefitting 3
i stage, the fact that the modal matrix is nonsingular '-i'-..
ﬁ is necessary to guarantee a feasible solution. Step 6  Use equation (7) to compute the modal :J'_:q'
> matrix ;:::ﬁ.
. [uy)
o STEPS OF MODAL EXTRACTION Step7  Use equations (8) - (10) to compute the LS
mass, stiffness, and damping matrices ‘-'T.'
P Two primary tasks are associated with the extraction ‘!.:-_._:-
¥ of modal data from response measurements: fast The first three steps are performed by the FFT ana- Sk
£ Fourier analysis and modal analysis. lyzer; the resuits are down [oaded to the modal ::\f.'s
L, analyzer and typically stored on a floppy disk. The FALN

5 Fast Fourier analysis generates the system transfer last four steps are performed by the modal analyzer, S

functions (in the frequency domain); modal analysis which uses these transfer function data. .
. utilizes these functions as input data to extract modal
.‘ parameters and the time-domain model. Two physi- The FFT procedures for computing transfer functions
‘P cally distinct hardware units are usually employed from test data are described in standard literature

e ad

for the two tasks. The computer that performs fast [1-3]. It is known that the cross-spectral density

.

Fourier analysis is known as an FFT analyzer or
simply, analyzer; it is typically a hardwired digital
processor. The modal analysis is performed within
the processor of the system computer, using software
programs written for that purpose. Due to these func-
tional distinctions in hardware and software, it is
usefu! to understand the main steps involved in the

method has the capability of filtering out measure-
ment noise; it therefore yields more accurate results
in general. The closeness of the coherence function
to a uniform value of unity is a measure of the
accuracy of the computed transfer function in a
given frequency band. it is essential to use the most
accurate transfer function in Step 4 because the

L modal data extraction process. accuracy of the natural frequencies (strictly speaking,
% resonant frequencies) and modal damping ratios el
'; Step 1 Fourier transform, using FFT, the mea- estimated in Step 5 directly affect the rest of the b :
; sured data signals (excitation signal at the results. A curve fitting technique is usually employed :
i i th degree of freedom, and the responses in extracting modal parameters. The technique :\{-f
?\ at k th degrees of freedom) involves representing the measured transfer function PRy
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by an analytical expression. The two common meth-
ods of curve fitting are single-degree-of-freedom
(d.of.) curve fit and muiti-degree-of-freedom curve
fit.

In the single d.o.f. curve fit each resonance of the
measured transfer function is approximated to a
simple oscillator. This approximation can be done
in the time domain in terms of an impulse response
function or a differential equation for the simple
oscillator or in the frequency domain by using the
transfer function

a
r

[vrz-wz*Zj { “, wl

one resonance at a time. The Argand, or Nyquist,
curve fit method is a graphical single d.o.f. curve
fitting method in which each resonance is fitted into
a circle in the real-imaginary (complex) plane. The
Nyquist plot for a simple oscillator with velocity as
the output -- i.e., mobility function -- is a circle. In
a multi d.o.f. curve fit the entire transfer function
is fitted into a higher order model (i.e., many reso-
nances simultaneously) either in the time domain
or in the frequency domain using an expression of
the form

Hjw) = L
jw z [afz'wz*zi(rwrw]

In this case all resonances are considered simultane-
ously. It follows that the multi d.o.f. curve fit is
more accurate but, at the same time, computationally
more demanding.

It is not necessary to measure the complete set of
n? transfer functions in the H matrix in order to
determine the modal matrix. The symmetry suggests
that we do not need more than 1/2 n{n+1) transfer
functions. It is easy to show, however, that just n
transfer functions are adequate for this purpose. A
convenient choice would be to measure any one
row or any one column of the H matrix. For exam-
ple, if the k th column is measured (H; with i =
1, 2, . ., n}, by applying a forcing excitation at the
k th degree of freedom and measuring the corre-
sponding response signals at all degrees of freedom,
the procedure for constructing the modal matrix
would be as follows:

. >
f":'-
‘\ \\\‘n\

: -:ﬂ;;g«wm;w

o alatn

s A s*'\"
RHENA \"\*\ e
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i Examine the (diagonal) transfer function

Hyk. curve fit it to equation (7), and deter-
mine the k th element of the n mode shape
vectors; (Wih. (da. . .. (Wy)n. This consti-
tutes the k th row of the modal matrix.

ii. Examine the transfer function Hyy, and
from equation (7) determine (V4 Vi,
(Wk+i Yk, - . (Wsi YiIn. This gives the
k+i th row of the modal matrix; (Yy+ily.
Wicaidas - - (Wksidn:

iii. Repeat step (ii) for i =1, 2, . ., n-k, and for
i==~1,-2,..,-k+1.

The above procedure for determining the modal
matrix reveals that it is in fact not essential to mea-
sure a complete row or a complete column of the
transfer matrix. As long as a diagonal element - a
point transfer function or an auto-transfer function -
is measured, the remaining n-1 transfer functions can
be chosen arbitrarily, provided all n degrees of
freedom are covered as either an excitation point,
a measurement location, or both. Note, however,
that it is advisable to measure redundant transfer
functions (those providing information that is already
determined by previous measurements) as well. Such
redundant data are useful for checking the accuracy
of the modal estimates. Figure 1 shows three sets of
transfer functions on the transfer function matrix.
The first set is an example for the case in which
redundant transfer functions are present. In the
second set no redundant transfer functions are
present, but the set is adequate to extract the modal
matrix. The third set is clearly not adequate to
determine the entire modal matrix.

In practice, the frequency response data for higher
resonances are relatively less accurate. it is therefore
customary, in most modal software, to extract modal
parameters only for the first several modes. Then it
is not possible to recover the mass, stiffness, and
damping matrices. Even if these matrices were deter-
mined, their accuracy would be questionable uniess
great care is exercised to improve the accuracy at
higher frequencies, due to their increased sensitivity
to noise.

HARDWARE AND SOFTWARE SELECTION

The hardware structure of a typical modal analysis
system is shown in Figure 2. Either the response
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measurements can be directly transmitted to the FFT
analyzer in real time two signals at a time (in the
dual-channel case) or all measurements can be first
recorded on a multiple-track FM tape and subse-
quently fed into the analyzer through a multiplexor
or channel selector. In the former case it is necessary
to take the analyzer to the test site; in the latter case
an FM tape recorder is needed at the test site. Modern
FFT analyzers are as compact as the conventional
tape recorders used in vibration testing; either instru-
ment could be used with equal convenience. The
main advantage of recording data on FM tape is that
it is available in analog form, free of quantizing errors
(depends on word size) and aliasing distortion [1],
depending on sample period. Sophisticated analog
filtering is often necessary, however, to remove
extraneous noise entering from the recording process.
The analog-to-digital converter {ADC) is usually an
integral part of the analyzer. After the transfer
functions are computed, they are stored on a floppy
disk or sometimes on a hard disk or a tape cartridge.
They constitute the input data for modal extraction.
Some analyzers store data as the power spectral
densities and the cross-spectral densities of measure-
ments, from which transfer functions, coherence
functions, and other spectral information can be
instantly computed. Still other analyzers store data
as Fourier spectra of the measurements from which
spectral densities can be determined. Most analyzers
have built-in screens to display such spectral data.

In principle, the same computer can be used for both
FFT analysis and modal analysis. Historically, digital
FFT analyzers were developed first as dedicated
hardwired digital processors. Because there are

%Y
DISPLAY

-

TEST OBJECT

FM PLAYER ANALYZER

numerous applications in which a stand-alone FFT
analyzer becomes advantageous, most modal analysis
systems come with a standard hardwired FFT ana-
lyzer unit and a separate processor for modal analysis.
Geometric information regarding the test object -
specifically the coordinates of the n degrees of
freedom in three dimension - are supplied to the
computer through the terminal keyboard. Typically

o
¢--0--0--0-0 ¢

G0 O O O

—_— Admissible Test
— o0—  Minimal Test

e — — Inadmissible Test

Figure 1. Schematic Representation of an Admissible
Set of Transfer Functions
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or FFT

DIGITAL
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X
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(MODAL ANALYSIS) FLOPPY-DISK
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DISPLAY
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Figure 2. Hardware Configuration of a Commercial Modal Analysis System
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data can be specified in cartesian, cylindrical, or
spherical coordinates. For structures with repetitive
geometry a pattern-entry capability can significantly
reduce the data input time. Modal parameters are
computed and stored on a floppy disk. This informa-
tion can be displayed on a graphics screen or plotted
on paper depending on the specific need.

Virtually all commercially available modal analysis
systems inrclude an |EEE 488 parallel interface bus
as a standard or an option. It provides a convenient
way for fast communication with a variety of digital
devices. For example, the overall operation can be
coordinated, and further processing can be carried
out by a host computer. A schematic of this con-
figuration is shown in Figure 3. Note that the modal
analysis processor, graphics terminal, and storage
device can be replaced by a commercial desk-top
computer with an associated reduction in overall
cost of the system. An alternative system configura-
tion that is particularly useful in data transfer and
communication from remote test sites is a voice-
grade telephone line and a modem coupler to inter-
face the FFT analyzer to the modal processor.

fFrY DESX YOP OUSTAL
ANALYZER| [COMPUTER PLOTTER IECE-408
PARALLEL INTERFACE BUS

—

HOST
COMPUTER

Figure 3. Typical Structure of a Modal Analysis
System under Control of a Host Computer

Functional requirements. The first step in selecting
a modal analysis system for a particular application
is understanding the specific needs of that applica-
tion. For industrial applications of modal testing
the following requirements are typically adequate.

i Acceptance of a wide range of measured sig-
nals having a variety of transient and frequency
band characteristics

ii. Capability to handle up to 300 degrees of
freedom of measured data in a single analysis

iii. FFT with frequency resolution of at least 400
spectral lines per 512

.'

Zoom analysis capability

V. Capability to perform statistical error-band

analysis
vi.  Static display and plot of mode-shape extremes
vii. Animated (dynamic) display of mode shapes
viii. Color graphics
ix.  Hidden-line display

X. Multiple-pen color plotting and improved line
resolution

xi.  Capability to generate an accurate time-domain
model (mass, stiffness, and damping matrices).

Compaerative study. Four representative modal
analysis systems are selected for a comparative study.
We shall call them System A, System B, System C,
and System D for convenience, This group is not
intended to be exhaustive; there are other comparable
systems. The availability of data has been the primary
reason for these particular choices.

Several general comments can be made with respect
to the functional requirements listed eariier. All
four systems meet most of these requirements. The
capability to accept a variety of measured signals
depends primarily on the weighting window (1, 2] --
options available in the FFT analyzer. For example,
the System D analyzer provides the conventional
Hanning and box-car windows, In addition, it pro-
vides a flat-top window for accurate amplitude results
and a half-Hanning window suitable for such transient
data as impact-test data and for lightly damped
responses having extensive end oscillations.

When the sample period (the time between two
adjacent digital data simples) is AT, the maximum
frequency that has any significance in digital Fourier
analysis results is the Nyquist frequency (cut-off
frequency) f (1]

1
t
¢ 2AT7

This relationship is known as the sampling theorem,
Furthermore, if the record length used in a single
FFT computation is T, it will require an input mem-
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”i ory buffer with capacity for N samples (or N words b. analysis of a large number of modes is an A
4 ) . ')\
N if one sample is taken to occupy a word). The maxi- excessive burden on computer resources A
: Ay
e mum number of spectral lines available in FFT results st
. in this case is N/2. Unfortunately, due to aliasing c.  low<oherent data are given the same signifi-
iy distortion [1] the last several spectral lines {close to cance as the more accurate data in these com- sS
;.‘ the maximum frequency) are not usable. The fraction putations “.t_: ;
‘f,;. of usable spectral lines determines the resolution of -
{4 FFT results. Typically, with an input memory buffer , . A St
f%; N esults yp. v a P v L The Table summarizes some basic data on the capa- S
having the capacity for 1024 sampled data points, ees . . . N
. bilities of the four systems studied. It is possible to
about 400 usable spectral lines (the actual number of . ¢ . . .
tral lines being 512) can be generated. Zoom identify a few relative merits and drawbacks. System U
o spoctre . X o i i e
g analysis (4] is used to improve spectral resolution. r(;: is compa.ct ,a:d eals.yd to ofper:te even dlf the urs:‘r NN
Zoom analysis uses a powerful coordinate transfor- as a marginal knowledge OF theory anc progra >
} . . R .. ming. A compatible eight-pen digital plotter can be ~
% mation procedure in FFT to virtually eliminate the used under system control. The cartridge drive is .:_;:»
Ty aliasing distortion in a specified band of frequencies. v ) . 9 ey
. . . . slow (sequential) data storage device, but the rela-
In effect, the same resolution (512 lines) is obtained . . [
oA even at the high frequency end of the rum tively large memory in the computer (256 K bytes) O
}f ) Statistical error band analysis [2] generates confi: offsets this deficiency. System D inherits the experi- fadby
‘i . . 9 ence gained through its predecessor. The system has v,
¥ dence intervals for spectral estimates such as fre- a faster and larger (30 M bytes) Winchester hard disk s
e quency response functions, spectral densities, and g i ) 0= a":.
GN coh . . storage. Also, its analyzer provides several signal- !
oherence functions. None of the systems considered dependent weighting windows. System B is the Lot
@ provides this capability. The general feeling is that weighting s . .
W such analyses are somewhat artificial in that an least expensive in a line of modal analysis systems g
;f, . X . - marketed by the same manufacturer. A color monitor ._-:',-
3 assumption is needed regarding the probability ided G ith th N . ttrac- et
" distribution of the measurement error. provided as an option With these systems Is an attrac A
;_;f;; tive feature. System A provides an extensive data }0’.\,5
: . . - . , storage ili . i ;
e The hidden-line capability for modal display is not past 2)(;:?::;??” i:(: :f::doflzic?t""esi an vlvea':trlw o.f $
found in typical modal analysis systems. The con- instrumentation. Several other c?pt?onssg uasu:lla ys: e :
e sensus is that this provision will require a significant . o . . y g o
Ead eff P histi X . . in hand with modal analysis. These include the -
I ort of sophisticated programming (resulting in | ificati . h id h gy
B increased overall cost). The complexity arises when structural modification option that considers the .__:
h; . ., ’ . . . . sensitivity of modal parameters to changes in mass, N
fr,—,' the object is viewed from variable directions in stiffness. or damping in the system and the sub- ;.-::
s, perspective; the hidden line configuration then varies » Or damping hid S
. . ) structure linking option that in effect develops an »-
and has to be continuously taken into account in , . J
S the graphics software. The task becomes more com- overall model from test data obtained for two (or N
N \ . L . more) subsystems of the complete system. Only }_‘«
! plicated in animation. System B provides a color . . AR
38 monitor that might be helpful in view contrast. the modal analysis capability has been addressed o
i;:; in this paper. &}
n System D provides the capability to generate the :",
() structural mass and stiffness matrices. We have noted @
i that, in order to make this computation possible, CONCLUSIONS R
‘;a‘i it is necessary to make the number of modes analyzed (:.\"
fé: equal to the number of degrees of freedom in the test Experimental modal analysis is being extensively N TS
¥ 2 object. For example, for a 300 d.o.f. system it will be used in industry to evaluate the dynamic perfor- S\- $
L . . . . -
necessary to analyze all 300 modes in order to mance of products during their design development,
generate the 300 x 300 mass matrix and a stiffness quality control, and qualification. Hardware and o
matrix of the same size. This computational effort software selection for a stand-alone modal analysis '-_.}'_j
can often become futile for the following reasons: system depends on the requirements of the specific K )

a. estimated mass and stiffness matrices are
sensitive to measurement noise

application. A thorough understanding of the func-
tional operation of the system and underlying theory
can considerably aid this selection process.
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:: Table. Comparative Data on Four Typical Modal Analysis Systems
e
"\ DESCRIPTION SYSTEM A SYSTEMB SYSTEM C SYSTEM D
'\
- Number of Weighting Window Options Available 3 10 5 4
}
?’ Analyzer Data Channels 2 2 2 2
-
oy Moax. Degrees of Freedom per Analysis 750 450 725 750
\ @20 modes @5 modes
} N Max. Number of Modes Analyzed 50 20 10 64
y @250d.o.f. (typ.)
£, Mutti-Degree-of-Freedom Curve Fitting yes yes no yes
¥ FFT Resolution {usmble spectral lines/512) 400 400 400 400
y i, Zoom Analysis Capability in FFT ves ves ves optional
i Statistical Error-Band Analysis no no no no
L
- Static Mode-Shape Extremes yes yes yes ves
( Animated Graphics Capability yes yes yes yes
1.
y :g Color Graphics Capebility no ves no no
| N Hidden-Line Display no no no no
N
" Eight-Pen Color Plotter no no ves no
& Structural Mass and Stiffness Matrices no no no ves
&
Xi
N Approximate Cost $55,000 $32,000 $46,000 $75.000
. ]
A
o
I
’ REFERENCES
3
*; 1. DeSilva, CW., Dynamic Testing and Seismic 3. Brigham, E.O., The Fast Fourier Transform,
Qualification Practice, D.C. Heath, Lexington, Prentice-Hall, Englewood Cliffs, NJ (1974).
MA (1983).
. 4. Randall, R.B., Application of B&K Equipment to
N X 2. Bendat, J.S. and Piersol, A.G., Random Data: Frequency Analysis, 2nd Edition, Bruel & Kjaer,
Y Analysis and Measurement Procedures, Wiley- Naerum, Denmark {1977).
o Interscience, NY {1971).
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< The monthly Literature Review, a subjective critique and summary of the litera- _t:t
: ' ture, consists of two to four review articles each month, 3,000 to 4,000 words in DR,
length. The purpose of this section is to present a ““digest’” of literature over a b

' period of three years. Planned by the Technical Editor, this section provides the o
DIGEST reader with up-to-date insights into current technology in more than s

150 topic areas. Review articles include technical information from articles, reports, ::::::.

and unpublished proceedings. Each article also contains a minor tutorial of the :’.:

T
0

technical area under discussion, a survey and evaluation of the new literature, and
recommendations. Review articles are written by experts in the shock and vibration
field.
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This issue of the DIGEST contains an article about the analysis of turhomachine
blades.

Dr. V. Ramamurti and Mr. P. Balasubramanian of the Indian Institute of Tech-
nology, Madras, India have written a review on the static and dynamic analysis of
turbine blades and discs. Various formulations and solutions of linear and nonlinear
vibrations of blades and discs are summarized.
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ANALYSIS OF TURBOMACHINE BLADES - A REVIEW

V. Ramamurti® and P. Balasubramanian®*®

Abstract. This literature review deals with the static
and dynamic analysis of turbine blades and discs. The
various formulations and solutions of linear and non-
linear vibrations of blades and discs are summarized.
Experimental methods are also discussed.

Hundreds of articles have been published concerning
the dynamic behavior of turbine blades. In this paper
references published mostly between 1979 and 1983
are reviewed in the fields of stress and vibration
analyses of blades and blade-disc interactions and
experimental methods. This review includes both
experimental and analytical investigations.

BLADES

Stress Analysis of Blades

Durocher and Kane [1] investigated blade deflections
with a uniformly pretwisted finite element beam
model. They checked previously obtained resuits
with predictions from a three-dimensional finite
element analysis; included were the effects of shear
stress, axial-torsional coupling, and torsional stiff-
ness. An analytical procedure based on the finite
element method (FEM) was used to determine the
blade stresses and deflections [2]. Ramamurti and
Sreenivasamoorthy [3] used a three-dimensional
20 noded isoparametric finite element to analyze
the rotating blade stresses for various pretwist angles,
skew angles, breadth to length ratios, and breadth
to thickness ratios of the blade. They compared
these resuits with experimental results.

Blade loading for the input forces has been investi-
gated with a NASTRAN finite element model [4].
Blade failures due to stresses have also been studied
[5]. Stresses at the boundary of a blade have been
predicted [6, 7] using elliptical equations and the
successive approximate method. Nomograms and

simple formulas are available for the determination
of bending moment components in the blade (8, 9] .
A computer program for the three-dimensional stress
analysis of a blade using the finite element method is
available [10].

Vibration Analysis

Linear - analysis. Several references are available on
linear analysis [11-14]. Leissa [12-14] discussed the
merits and disadvantages of beam theory, plate
theory, and shell theory with numerical resuits. In
most recently published articles FEM has been used
to solve blade vibration problems. The dynamic
strength of group of blades has been investigated
by considering the blade as a finite element beam
model [15]. One vibration study of rotating beam
included the effects of root radius, setting angle, and
tip mass in the finite element model [16]. A triangu-
lar shell element mode} has also been used [17]. The
results of this analysis showed the effects of geo-
metric stiffness, rotational effects, aspect ratio,
pretwist, taper, skew angle, and disc radius. Thomas
and Sanbunch [18] extended finite element analysis
to the behavior of rotating pretwisted blades of asym-
metric cross section. Redesigning the vibrationat
characteristics of the blades was done with a NAS-
TRAN program [19]. Variations due to transverse
shear deformation and rotary inertia were pointed
out {20].

A simple and powerful procedure has been used to
calculate the frequencies of shallow sheils [21]. A
superparametric shell element is available to predict
the vibrational characteristics of a real blade [22].
Yargicoglu [23] studied a substructure technique
for composite rotor blades. The dynamic response of
blades with a weighted edge has been analyzed for
different end conditions and radii of curvature with
the help of curved cylindrical finite elements [24].
Forced vibration analysis using a substructure tech-
nique has been implemented for rotating structures

*Professor, Department of Applied Mechanics, Indien Institute of Technology, Medras-600036, Indis
**Aessarch Scholar, Department of Applied Mechanics, Indien Institute of Technology, Madres-600036, Indie
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3’:‘:3 by treating arbitrary forces as a series of rotating transfer matrix method to study the free vibrations '.:}
2N forces [25]. of turbine blades. Free and forced vibration analyses R
;'- \ of closed periodic structures have been presented
\ Kinetostatic strains have been considered in deriva- [44]) . Non-massive blades of axial vents have been -

VN tions of the equations of motion for obtaining studied for different blade designs using a simple g

I\, blade displacements, vibrational frequencies, and numerical procedure [45] . .:-}.
L. mode shapes [26]. The dynamics of packets of '{
> blades have been analyzed by incorporating responses Flexural vibrations have been analyzed by treating e
R due to the number of blades in the packet, stiffness the blade as a cantilever beam [46) . Subrahmanyam s
‘ ) and mass.ratios, size and position of bracing wires, [47] has described the superiority of the Reissner 2
'!s and rotating speed (27, 2_8]'.A new FEM program method. Downs (48] has formulated the discretiza- ke
ot called ‘PVAST was used it gives graphic rgsults of tion technique for blade vibration and compared it ey
. 3 dynamic stresses, displacements, frequencies, and with other techniques. Borishanski [49] stressed the .E&
A’g, ] mode shapes [29] . vibration effects of fastening connectors on the blade. 2,

) . o The beam analysis of blade vibration has been im- ®

Many authors use different energy principles to deal proved by accounting for earlier discrepancies [50]. T
*: with blade vibration problems. The accuracy of the “

A energy method and transmissibility method have >
‘)g’ 9y ana |sst. . y ° av Wood [61] brought out a new mathematical too! - -‘-ﬁ
b been compared [30]. Forced vibrational aspects of . . . . ~
V5] . . . , the boundary integral technique - to investigate blade Ny
155N rotating blades have been studied using Lagrange's . . . . . Ny
A ~ . R vibration. He incorporated torsional stiffness, warping .

™ equations [31]. The effects of various parameters \ .
¢ on blade dynamics have been studied using the Ritz stiffness, and shear center coordinates. The causes of 3

o\ vn \ o g using gyroscopic forces and damping have been reported L

A method, Reissner's variational principle, Trefftz p . 53] found th e

N method, and modified lower bound method [32] rom beam analysis (62, + It was found that .
& Results from the finite difference energy method cor |o|'|s accelera't on dl.le to gyros.copnc n.wotnorf .Of 3%
) "-4 . . . R spinning rotors is creating new regions of instability o
have been examined with previously available results . o
Y 1 (33] {54); also shown was the importance of second s
' order resonance. @
g
P Rotating blade vibration has been considered using _ . R
P ‘; shallow shell theory and the Ritz method [34]; Hodges [55] presented a simple but efficient method .
o ! shal ow shell theory has been compared with deep for o?tammg the fundameptal frequency of t‘JIade \q
iy shell theory [35). The potential energy method has vib.ratlon frqm the composite expan:sion 'techmq.ue. : o

H¥ been extended to blade vibration analysis [36-38). Leissa and Lee [56] used a numerical integration s

. ) . The superiority of the Reissner method was pointed technique to solve the shallow shell analysis of blade. -
gy out; shear deformation, rotary inertia, speed of They also summarized the effects of rotational ,.:
'fz“ rotation, and stagger angle were accounted for. inertia, coriolis acceleration, variable curvature and T
3 “'i Nondimensional frequency parameters have been thickness, and arbitrary quadrilateral planform. Free .'r",
;s obtained for different aspect ratios, shallowness and forced vibrations and resonant stresses of rotating i

Dy ratios, and thickness ratios [39]. Leissa addressed blades have been examined [67]. ®

the problem of shallow shells by using the Ritz _

) X method with algebraic poiynomial trial functions Nonlinear analysis. A number of articles have been \

q.'_‘} (40] . Vibration analyses for blades with and without published in the field of nonlinear vibration analysis \\.j-
: . camber are available [41)]. of blades. Murthy and Hammond [58] used trans- e
3 :. mission matrices to linearize the blade equations of
1k A transfer matrix has been used to investigate the motion. Nonlinear differential equations have been —6

.-ﬁ vibrational behavior of turbine blades [42]. Experi- converted into nonlinear algebraic equations and

‘.". mental and analytical results were also obtained simplified by the method of iteration [59]. Ven-

‘T" for blades with shrouds by varying the number of katesan and Nagaraj [60] demonstrated the softening
$ blades in a group, the method of connection, geo- effect of large amplitude on flapwise frequency. Non-

$ metrical tolerances, and centrifugal forces. Chiatti linear blade vibration analyses have been discussed

A and Sestieri [43) used FEM in combination with with the use of FEM [61-63) .
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Experimental Methods

xS

h Fiuctuating blade stress measurements have been
oy studied using spectral analysis [64). Laser speckle
{ photographs have been used to measure rotating
blade stresses [65). Kiraly [66) applied the digital
, ) system to almost 400,000 data points to investigate
."' dynamic blade dispiacements. Advantages of the non-
::\: interferometry technique over the strain gage mea-
“ surement method have been predicted [67]. Test
. results of dynamic stresses are available [68-71].
"“,’Y
:‘" Glober and Maly [72]) examined both the stress
’;é distribution and the frequency distribution with
"; holographic interferometry, strain gauges, and piezo-
3, electric gauges. Strain gauges and the telemetry
technique have been used to measure dynamic
o stresses and natural frequencies [73]. Wachter and
3 Beckmann [74) presented test results for the effects
?‘"“. of exciting forces due to flow distortion and damping
) forces due to lacing wires on the blade stresses. Fu
R [75] explained the merits of applying holographic

interference technique in combination with FEM.
One advantage was the ability to estimate the correct-
ness of results even at higher modes by using an
infinite number of measuring points.

x . ‘Iﬁm Iﬁ
ruwu-:'_,,_. \

Finbow and Watson [76] have summarized different
blade vibration measurement techniques. Shalabanov

2 [77] revealed the limitations of the holographic
‘ interferometry method as opposed to a new tech-
;fil! nique for obtaining blade frequencies and nodes.
g\} Investigations of blade damage have been carried out
fi\' with optical and scanning electron microscopes [78].

Egorov [79] has provided a spectral analysis of blade
ring vibrations. Various kinds of measurement tech-
niques have been reviewed and the merits and faults
investigated (80, 81]. Blade vibrations due to ro-
tating stall have been studied [82], and reduction
in vibration amplitude due to lacing wire has been
studied experimentally {83]. Leon [84] predicted
the exact location of excessive blade vibration from
the Doppler technique.

Shroud Stresses

The effects of shroud on blade vibrations has been

studied experimentaily and the results compared

e with FEM [85). Shroud flange contact stresses have

g 3 been analyzed, and severe conditions at which maxi-
*

mum stress occurs have been pointed out (86].
Y Stresses around shroud holes have also been analyzed
4, {87). It is of interest that a decrease in inclination of

ihibat e L (LR L X R A R OIS ANE (D T 1 AL AN AT N ARAY
R T RS
: iy O W R W e YN

D) 3
Bl ) M SIS

the shroud hole axis altered the maximum stress
points and increased the maximum stress value. The
strain freezing method has been used to study experi-
mentaily the behavior of stresses around the shroud
hole; the resuits were compared with analytical re-
sults [88]. The vibration behavior of an assembly
of shrouded blades has been investigated by studying
the vibrational characteristics of the components
(89]. Butt welding of long arc shrouds has been
found to reduce dynamic stresses [90] .

Effects of Damping

The effects of dry friction damping on blade vibra-
tion have been investigated in terms of anisotropic
dry friction theory [91]. The system was treated as
a lumped mass system, and a computer package was
deveioped to study the blade to disc damping [92] .
An experimental method for obtaining the friction
coefficient was also outlined. An optimized system
for the combined effects of dry friction damping and
hysteresis damping at resonant condition has been
suggested (93). Non-aerodynamic damping effects
have been discussed analytically as well as experi-
mentally [94). Griffin {95) has presented an effi-
cient dry friction damping modei and compared it
with experimental results. Predictions of various
damping parameters have been discussed [96, 97].

Griffin (98] studied the sensitivity of mistuning and
its effect on slip force using modal analysis. Klompas
[99] examined blade vibration due to elliptical
whirling in viscous dampers and presented a method
for obtaining whirl harmonics. An expression for
blade motion that includes the effects of slip damping
and hysteresis damping has been formulated {100].
A study of shrouds with corrugated bands has re-
vealed the phenomenon of damping due to the
bands [101]. The wire stiffness coefficient, influence
of centrifugal force, position of wire, and magnitude
of dynamic stresses have been determined and used
to calculate the damping effect of blade wires {102] .
Kapralov and Skvortsov [103] have discussed the
vibrational effects of dry friction damping due to
box-type dampers. Coulomb friction between the
shroud ring elements has been studied to determine
its effect on the vibrational characteristics of blades;
anisotropic dry friction theory and FEM were used
[104].

Forced vibration analysis for a compressor blade as
a function of rotor speed and frequency of flow exci-
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tations has been carried out [105). Lang and Nemat-
Nasser [106] developed approximate step functions
to investigate nonuniform blade vibrations; they
discussed two examples and verified them with other
results. A semi-empirical method has been used to
measure the dynamic stresses of groups of blades
affected by synphase and intra-packet vibrations
[107]. Bending and torsional frequencies for lower
modes have been calculated accurately [108]. Nu-
merical methods have been formulated to predict
the vibrational behavior of blades subjected to con-
tinuous erosion [109]. Nied [110] has determined
the values of a set of frequency response functions
from impulse excitation and used it to calculate
modal parameters and hence vibrational aspects.
A stationary functional method with normal modes
has been utilized to approximate a nonlinear analysis
of blade vibration; the effects of shear deformation,
rotary inertia, and coriolis forces were included
(111].

Dickerson [112] has summarized developments in
turbine blade analysis and compared results from a
test model and a theoretical analysis. Gudmundson
[113]) used a perturbation technique to investigate
variations of natural frequencies as a function of
blade geometry. The damping decay rate has been
predicted accurately by using standing wave flutter
analysis for tuned and mistuned blades [114]. The
effects of interactions between bending and torsional
motions of nonuniform blades were included [115}.
Bendiksen and Friedmann [116] discussed blade
flutter boundaries with bending-torsional coupling.
Dynamic stresses and eigenvalues have been deter-
mined from the potential admission condition [117-
119] . Wake-induced vibrations have been analyzed
to determine dynamic stresses [120, 121]. The se-
quential optimization technique has been used to
tune the natural frequencies of blades away from
resonant conditions [122]. An optimum method for
controlling the cross sections of blade to reduce
weight has been outlined [123). Life prediction
theories have been used to evaluate blade tip dura-
bility from heat transfer and stress analysis [124].
Blade composite materials have been discussed for
various influencing factors [125-127] .

BLADE-DISC INTERACTIONS

Stress Analysis
Frictional forces between locking pieces significantly
alter the contact stress distribution at the blade
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root [128). Stress distribution for an orthotropic
rotating disc of varying thickness has been investi-
gated and compared with FE solutions {129, 130].
The centrifugal stresses in vanes and disc have been
determined by treating unshrouded radial impellers
as co-axial rings, and using the matrix method {131].
A shoulder at the root joint has been found to
decrease dynamic loading and increase fatigue life
(132]. Gamner [133] showed the invalidity of
Tresca's yield criterion for a rotating disc from its
discontinuity at the elasto-plastic interface. Rotating
discs with linearly, exponentially, and hyperbolically
varying thicknesses have been studied for strength
analysis [134] using the matrix method. The matrix
method has also been used to determine rhenomic
and scleronomic components of inelastic deformation
in an annular section of a disc [135]. Singh and
Rawtani (136, 137] researched the stress distribution
at the fir tree root fastening of turbine blades by
simplifying the root as an assembly of steps. They
incorporated the effects of centrifugal body force
of the root, the force due to friction between the
blade and disc steps, and the dissimilarities in the
material properties of the blade and the disc. Kopecki
and Walczak [138] have reported some important
conclusions about the axisymmetry of the stress
distribution of rotating discs made up of nonlinear
material. A detailed study of stresses in rotating discs
of variable thickness has been done using the finite
different method [139]; included were thermal
gradient and shrinkage effects.

Vibration Analysis

Lalanne [140] has presented references for the vibra-
tion control of blades; blade-disc interactions, axi-
symmetric structures, and rotors were considered.
Ewins [141] has summarized fluid-structure inter-
action, vibration modes of bladed disc assemblies,
tuned and mistuned assemblies, and flutter.

Numerous articles in which FEM was used to analyze
blade disc interactions are available. Partington [142)
extended the FEM to study the vibrating stresses and
frequencies of pinned root blades and confirmed the
results. The dynamics of compressor impellers have
been studied [143]. Nagraj and Sahu [144] com-
pared the Rayleigh Ritz method with the Galerkin
technique in a study of torsional vibration of nonuni-
form turbine blades; also included was root flexi-
bility. FEM and the holographic technigue have been
used to investigate the static, dynamic, and thermal
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loadings of a turbine impeller [145]). Kuo [146]
modeled a blade-disc segment as a rotating symmetri-
cal structure and studied the effects of coupled blade-
disc resonance, the dissimilar behavior of blade
groups, and the uncoupled blade or disc natural fre-
quencies on the vibrational characteristics of the
blade disc assembly. Efficient NASTRAN programs
have been developed to analyze the aeroelastic and
structural properties of bladed shrouded discs [147-
155]. These programs also incorporate the effects of
mistuning and tuning, forced vibration analysis,
coriolis and centripedal accelerations, and flutter.

A special bladed disc element and a special shrouded
blade element have been used to simplify the static
and dynamic deflection analyses of blade {156].
Mindlin’s thick-plate theory was used in a disc analy-
sis with both annular and sector elements [157];
theoretical resufts from an eight noded, superpara-
metric thick shell element analysis were compared
with experimental results for a shrouded, bladed disk.
Nigh and Olson [158] have reported the effects of
damped and undamped transverse point loads in
space-fixed coordinates; they also determined critical
speeds in space-fixed coordinates. Singh [159] dis-
cussed the torsional vibrations of blades with root
flexibility; he presented a correction factor for the
fixed root frequency to account for root flexibility.
fmpeller blade frequencies, mode shapes, and stress
distribution have been analyzed and verified with
experimentai results obtained by using semiconductor
strain gauges and a mechanical telemetry system
(160]. A model having a five-degrees-of-freedom sub-
system has been used to study the dynamics of a
bladed disc assembly; dry friction, structural damp-
ing, mistuning, and type of excitation were con-
sidered (161].

Loewy [162] used a classical structural dynamic
analysis with Lagrange equations to discuss the
response of bladed disc assemblies for a wide range
of rotor flexibilities. Hunt [163] has suggested a
transfer matrix method to study the in-plane vibra-
tions of blades with known boundary conditions.
Free and forced vibration characteristics of blades
have been studied by applying the concept of rota-
tionally periodic structure and the transfer matrix
method [164). An inertia and elastic hinge model
has been used to consider flexibility of impellers
[165]).
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Experimental Methods

Experimental results obtained from an image dero-
tated holographic interferometry method have been
checked with FEM solutions [166]. Mode splitting
has been studied for mistuned bladed disc with the
help of the holographic interferometry technique and
strain gauges [167]. Speeds up to 13,000 RPM have
been measured by utilizing eight-channel telemetry
systems with holographic interferometry [168].
Experimental results of bench resonance are in good
agreement with predicted frequencies [169]; in-
cluded are the effects of in-plane inertial couplings
in tuned and mistuned bladed disc assemblies. The
fast Fourier transform technique has been used to
investigate the vibrations of periodically symmetric
structure such as bladed disc assemblies [170].

Jones [171] has formulated a simple discrete analyti-
cal model to predict the fundamental frequency of
a blade with slip at the root; he verified the results
experimentaliy. It has been shown that the funda-
mental frequency is a function of spin frequency for
a rotating blade with an off-set root {172]. Singh
and Rawtani [173] have modeled a blade with spring
hinged-free end boundary conditions. Sollmann
[174] has demonstrated a method for calculating the
centrifugal force coefficient for rigidly mounted as
well as flexibly mounted blades. Khader [175) has
incorporated the effects of disc flexibility and shaft
and bearing flexibilities in a bladed disc vibration
analysis. A traveling wave solution has been used to
obtain the dynamic characteristics of a shrouded
bladed disc assembly [176] .

Jendryschik used 3 co-rotating accelerometer to
analyze the vibrations of rotating disc; he found that
the mistuning of a bladed disc is caused by the
irregularities of friction forces and by harmonic
excitations [178]). Wildheim [179, 180] used the
principle of dynamic substructures with free modes
of a disc and the clamped free modes of a blade to
predict the natural frequencies of a rotating bladed
disc with lacing wire. irretier [181] used the effects
of wvariable thickness, centrifugal force, and the
location of blades on the disc to determine the bend-
ing and torsional vibrations of a blade; direct integra-
tion techniques and the shooting method were used
to solve the problem [182]. It has been shown that
the effects of blade twist, shear deformation, rotary
inertia for bending, centrifugal force, and stagger
angle are significant [183). Eigenvalues and mode
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shapes have been determined accurately for a flexibly
attached blade using a direct numerical integration
technique [184]. Numerous methods for finding
modal quantities have been compared with compo-
nent mode synthesis {185] .

Effects of mistuning have been researched [186].
Partial detuning of a blade ring has been studied from
a frequency diagram ([187]. The blade response
to the pliability of fixing has been evaluated and
checked [188]. Significant minor resonances have
been observed over and above the critical speeds of
the disc [189]. The dynamic behavior of blades with
a tree root has been investigated by a method of
harmonic balance [190]; the reduced impedance
method with substructure analysis was used [191].
Kuznetsov [192] has compared theoretical blade
strength with actual values. The spline interpolation
technique has been used to study the stress distribu-
tion and flexural vibrations of rotating annular discs
of varying thickness (193] . Graphic results are avail-
able for the vibration analysis of rotating orthotropic
discs having variable thickness and density along their
radius [194]. Calculation of critical rotating speeds
for laminated discs of different composite materials
has been presented by Hinkel [195] .
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BOOK REVIEWS

ADVANCES IN ELASTO-PLASTIC
FRACTURE MECHANICS

L.H. Larsson, Editor
Applied Science Publishers, Ltd., London
1980, 428 pages

The book contains 17 papers that were presented at
a seminar held at the Joint Research Centre of the
Commission of the European Communities in Ispra
(Varese) Italy in April, 1979. The papers form a
framework for an advanced course in fracture me-
chanics.

The papers. in order of presentation, are:

1. “Macroscopic Aspects of Crack Extension,”
J.F. Knott {16 references)

2. “Microscopic Aspects of Crack Extension,”
J.F. KNott (23 references)

3. “The One-parameter Characterization Viewpoint
in Fracture Mechanics,” J. Carlsson (20 refer-
ences)

4. "Experimental Techniques for the Determination
of the Initiation of Failure,” J.G. Blauel (5
references)

5, "’Slow Stable Crack Growth and Unstable Frac-
ture in the LEFM Regime,” C.E. Turner (17
references)

6. "Determination of Fracture Toughness under
Plane Stress Conditions by the R-Curve Meth-
od,” B. Marandet et al (24 references)

7. "Application of J-R Curves to Slow Stable
Crack Growth and Unstable Tearing in the
Plastic Regime,” C.E. Turner (30 references)

8. "“Numerical Treatment of Crack Growth Prob-
lems,” G. Rousselier {23 references)

9. “The EPRI Ductile Fracture Research Pro-
gram,”’ T.U. Marston (21 references)

10. “Micromechanisms of Slow Stable Crack
Growth,”” D. Francois {44 references)

11. “Use of EPFM in Design,” L.H. Larsson (39
references)
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12. “The COD Design Curve,” M.G. Dawes (38
references)

13. “A J-Based Design Curve,” C.E. Turner (22
references)

14. “The Development and Application of the
CEGB Two Criteria Approach for the Assess-
ment of Defects in Structures,” B.J.L. Darlaston
(26 references)

15. "Incorporation of Residual and Thermal Stresses
in Elastic-Plastic Fracture Mechanics Design,”
G.G. Chell (23 references)

16. “"Numerical Aspects of Elastic-Plastic Fracture
Mechanics Including 3-D-Applications,” Y.W.
Schmitt {18 references)

17. Probabilistic Fracture Mechanics,” J. Carlsson
(22 references)

The first Knott paper sets forth various mechanical
models for plastic flow crack propagation and an
interpretation of some of these models. In the second
paper Knott looks at the initial stages of plastic
crack formation and propagation from a dislocation
point of view. He describes some limitation on macro-
scopic analyses. The Carlsson paper examines the
basis of elastic plastic fracture mechanics, including
submicroscopic yielding behavior, and characterizes
various crack tip field solutions by means of the
J-integral. Blauel’s paper contains a brief review of
the more popular methods for determining the onset
of crack propagation without a critical review of
these methods. The review is reasonably up to date.

The second group of papers includes Turner's ac-
count of slow-stable crack growth in the linear
elastic regime and the criterian (dK/da > dR/da)
for the onset of unstable fracture. Turner’s article
contains an excellent critique of R-curve slope
analysis problems, which are still unresoived. Maran-
det’s paper describes various means for determina-
tion of R-curves, includes critiques of these meth-
ods, and recommends methods that should be em-
ployed. R-curve determinations are discussed in
terms of their independence of certain test param-
eters. Marandet concludes that R-curve determina-
tions are independent of specimen type, initial crack
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length, and loading method. Turher's second paper
describes the application of J-R curves to slow,
stable crack growth and discusses two theories for
predicting unstable ductile tearing modes. Rousselier
deals with numerical methods for determining crack
behavior in the slow crack growth regime. The pur-
pose of these analyses is to treat the problem in a
realistic manner as opposed to the conservative
linear elastic fracture mechanics approach.

Marston describes the EPRI funded elasto-plastic
fracture mechanics program in progress at the time
the book was written. The objectives and strategies
of the program were stimulated by the Nuclear Power
Industry regulations on system integrity and safety.
Several tentative conclusions on the interrelationships
among primary fracture mechanics parameters are
set forth relative to ductile fracture.

Francois deals with some metallurgical aspects of
slow stable crack growth. The paper seems 10 be
disconnected, but, as Francois states, experimental
evidence is scarce and contradictory.

The third section begins with a paper by Larsson on
the application of elastic-plastic fracture mechanics
in the design of structural components. He discussed
most of the important methods for calculating the
rates of crack growth under plastic flow conditions.
It is a brief but excellent review. Following this
paper, Dawes describes the use of one method, the
COD design curve, and compares the results with
those of experiments. Because the COD method is
used extensively in design, it is comforting to note
that the general safety factor of 2.5 on crack length
is successfully applied to a wide variety of structural
steels. Turner discusses the J-based design curve and
includes the effect of residual stress and work harden-
ing. He compares J-based and COD design curves
and explores their separate relevances. The paper by
Darlaston discusses the Central Electricity Generating
Board two criteria approach to design known as the
failure assessment route. This approach has been
useful in the design of nuclear power plants in Great
Britain.

Chell describes a method for including both residual
thermal stresses in elastic plastic fracture mechanics
(EPFM) design. Schmitt describes some numerical
computational methods useful in EPFM design.
Carlsson discusses some topics of the mixed subject
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of statistical fracture mechanics and elastic plastic
fracture mechanics analyses. This final topic, which
needs more elaboration than is given here, will
eventually be adapted by most code agencies for
advanced design, analysis, and retrofitting procedures.

The book is excellent. Both the text and figures
are worth the time of the serious student.

K.E. Hofer

L.J. Broutman and Associates Ltd.
3424 South State Street

Chicago, IL 60616

DYNAMIC MECHANICAL DATA OF
NON-REINFORCED PLASTICS

K. Lundin
Dept. of Technical Acoustics, Royal Institute
of Technology, Stockholm, Sweden
1982, 137 pages

This paperback report the compilation of which was
supported by the National Swedish Board for Techni-
cal Development is a compendium of information on
the dynamic mechanical properties of plastics. In-
cluded are non-reinforced plastics with either little
or no filler; the basis for their inclusion is their use
as structural parts, Data are given for the temperature
range from -40 to 120°C; the range in loss factor is
large enough to include low loss metals as well as
high loss elastomers. The data are organized into
four sections. The first section includes all the data
compiled. Section two contains frequency dependent
data (loss factor vs frequency, modulus vs frequency).
Section three contains temperature-dependent data;
i.e., loss factor vs temperature, modulus vs tempera-
ture, The results of dynamic measurements per-
formed on sample materials obtained during the
study are given in section four.

Many engineering designers are faced with the prob-
lem of controlling resonant vibration in structures
and equipment. Damping materials are an important
element in the analysis and design of structures to
reduce vibration and noise problems. The dynamic
properties of these materials in the temperature-
frequency domain depend on a single compound
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variable that combines the effects of frequency and
temperature. In view of the fact that all dynamic
measuring techniques cannot be reliable over a
broad range of frequencies and temperatures, a
temperature-frequency equivalence is not only
valuable but necessary for extrapolating data into
regions in which the direct measurement of dynamic
properties is either difficult or impossible. Because
a variety of measurement techniques, instrumenta-
tion, and damping materials exist, the need for apply-
ing a temperature-frequency equivalence (in the
form of a reduced temperature nomogram) is impera-
tive. The author of this report, who is certainly aware
of the use of the reduced temperature nomogram,
has chrsen to include plots of frequency- and tem-
perature-dependent data instead of the reduced
temperature nomogram; his reason is a lack of data
for the nomogram. Formatting the data in this way
could be potentially dangerous to the user of this
report. The author should have included only mate-
rial properties that are in a form usable by the de-
signer; i.e., a reduced temperature nomogram for
producing reliable data for engineering use. Other-
wise, potential users can expect to be confused and
possibly misled by the use of incomplete and unreli-
able data. If the author did not have the required
number of data points to generate a reduced tempera-
ture nomogram, he should add qualifiers to the data
he does include, so that the user is aware of the
potential dangers that could result from extrapolation
or interpolation.

V.R. Miller
65331 Pathview Drive
Huber Heights, OH 45424

ENGINE NOISE

R. Hickling and M.M. Camel, Editors
Plenum Publishing, New York, NY
1982, 497 pages, $62.5C

The organizers and editors of the international
symposium on ‘‘Engine Noise: Excitation, Vibration,
and Radiation’”’ held at the General Motors Research
Laboratories on October 11-13, 1981, should be
highly commended for, first of all, sponsoring the
conference and, secondly, publishing the papers
that were presented. This symposium contained

timely work relative to current problems and con-
cepts that are applicable to noise control problems
not necessarily associated with engine ncise. Papers
on engine noise and its various aspects were prepared
by authors from universities, industry, and govern-
ment.

The four sections of the book correspond to sessions
held during the symposium. The first section contains
new work on excitation sources of engine noise -
including cylinder pressure pulsations, piston slap,
gear noise excitation, and fuel-injection systems --
and their control. The session corresponding to this
section was chaired by Theo Priede of the University
of Southampton. The second section deais with
transmission paths and structural vibrations of
engines. Dick Lyon, Massachusetts Institute of
Technology, headed the session. Topics included
vibration transmission analysis, noise and vibration
in linkages, engine structure vibrations, and finite
element techniques to assess the noise of engine
structures. The third session, chaired by J.Y. Chung
of the General Motors Research Laboratories, was
concerned with noise radiation from engine surfaces,
including acoustic intensity measurements of engine
noise and comparisons of different measurement
approaches. Methods for computing engine noise
surface acoustic radiation are presented as are nu-
merical methods for acoustic problems. The final
session, which was chaired by Jerry Manning of
Cambridge Collaborative, Inc., described practical
methods for reducing engine noise. This section
presents methods for using enclosures for noise
reduction and for modifying sources to alter noise
and vibration mechanisms that cause problems.

Included at the end of each paper are the discussions
that followed the presentations. In some cases written
comments received from the audience were printed.
The book contains a list of conference participants,
an author and contributor index, and a subject index.

The concepts, technigues, and methods are presented
in such a way as to make them valuable to those
interested in noise control. This book should be of
interest to those who work in noise control in the
areas of community and factory noise and to those
in the transportation industry.

V.R. Miller
5331 Pathview Drive
Huber Heights, OH 45424
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FINITE ELEMENT PRIMER

B. Irons and N. Shrive
Halsted Press, New York, NY
1983, 157 pages, $39.95

This book is of an elementary nature and is intended
to acquaint the reader with finite elements (FE). The
authors strive to make the text readable and humor-
ous; the witty sayings should interest the reader.
The first chapter begins with a definition of FE,
how it works, its uses, and problems that can occur.
According to the authors the book “is a planned
procedure and explains in a fashion that one would
speak to a class.”’

In the second chapter on the FE method, examples
include a hanging cable, a membrane in tension, a
spring-supported membrane, and a structural test
rig. The chapter concludes with a method for solving
FE equations and mentions the program FEMSKI.

Chapter three describes such fundamentals as strain
energy, virtual work, and shape functions. The use
of strain energy is discussed, and the Taig quadri-
lateral, the forerunner of the isoparametric element,
is introduced. Lumped springs for integration, the
stiffness matrix of the Taig quadrilateral, in-plane
deflections, and a patch test for convergence are
included.

Chapter four has to do with what good elements do.
The shape functions of an eight-node rectangular
element are used; the stiffness matrix is obtained by
direct integration. The element must pass the patch
test. The main problem is the false differentiation
at the nodes due to incorrect loads at the nodes.

Chapter five has to do with what bad elements do.
A 2x2 manual integration for an eight-node element
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could cause a singularly assembled stiffness matrix.
The bending moments at the Gauss points are good
even though the curved beam element is ill behaved.
The mechanism of a bad element can be stabilized by
neighboring elements.

The next chapter describes how metals deform. The
authors describe stress/strain relationships, their
assembly in matrix form, principal stresses and load
paths, transformation of matrices, and simple numeri-
cal examples to determine eigenvalues and eigen-
vectors. In chapter seven the authors use a stress-
deflection matrix transformation that involves the
inverse Jacobian matrix-to obtain the strain deriva-
tions in the Taig quadrilaterai. The chapter concludes
with an interesting discussion of shape function
routine; examples of objects subjected to torsion,
bending, pressure, and tension are given.

The next chapter warns the reader of some of the
hazards of computers. Examples are wrong answers
are illustrated by a simple cantilever, two ill-condi-
tioned equations, and round off.

Chapter nine has to do with spurious side effects that
can cause consternation to a user. The authors men-
tion semiloof shell elements that have been used in
a number of examples with excellent resuits. Refer
to Dr. Iron’s earlier book, Techniques of Finite Ele-
ments. The concluding chapter describes how ele-
ments warp and the shearing of beams,

This good book contains an excellent nomenclature
section. The reviewer recommends it to the beginner
who wants to read a novel text on finite elements.

H. Saunders
1 Arcadian Drive
Scotia, NY 12302
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‘N SEPTEMBER Dates:  October 15-19, 1984 N
,‘2‘. Place: New York, New York :.::_-.
ada Dates: November 5-9, 1984
v ) MACHINERY INSTRUMENTATION Place: San Francisco, California ;!
'.;»;: Dates: September 12-14, 1984 Dates: February 4-8, 1985 r::§
;}‘st Place: Calgary, Alberta, Canada Place: Santa Barbara, California :\
':’ 5 Objective: To provide an in-depth exar..nation of Objective: Topics to be covered are resonance and ::-._
*é". vibration measurement and machinery information fragility phenomena, and environmental vibration and -:' *
ko systems as well as an introduction to diagnostic shock measurement and analysis; also vibration and .
e instrumentation. The seminar is designed for me- shock environmental testing to prove survivability. -
b chanical, instrumentation, and operations personnei This course will concentrate upon equipments and :‘\"
'- R who require a general knowledge of machinery techniques, rather than upon mathematics and 5':-'
""l‘ information systems. It is a recommended prerequi- theory. . ;:; .
;v,‘( ! site for the Machinery Instrumentation and Diagnos- 0y
4 tics Seminar. Contact:  Wayne Tustin, 22 East Los Olivos Street, : ®
. Santa Barbara, CA 931065 - (805) 682-7171. ,'_i
i y Contact: Bob Grissom, Customer Training Depart- ::: B,
7'#3 ment, Bently Nevada Corporation, P.O. Box 157, :,::;
» L Minden, NV 89423 - (702) 782-9315. ,:-.’»'
ET% OCTOBER ot
FIELD INSTRUMENTATION AND DYAGNOSTICS ,'_
) Dates:  September 18-21, 1984 )
R Place: Edmonton, Alberta, Canada VIBRATIONS OF RECIPROCATING MACHINERY ;I;t
:E!q Dates: December 3-6, 1984 Dates: October 9-12, 1984 N
;’:: Place: Houston, Texas Place: Houston, Texas :\'f
Y Objective: To provide a balanced introduction to Objective: This is a new course on vibrations of -
CL diagnostic instrumentation and its applications for reciprocating machinery including piping and founda- -‘
’*v‘ evaluating rotating machinery behavior. The seminar tions. Equipment that will be addressed includes H:
j‘:& also covers fundamental rotating machinery behavior reciprocating compressors and pumps as well as -:{:_
},k and some of the more common machinery malfunc- engines of all types. Engineering problems will be :"'q,
,ﬂ'.f,fl tions. It includes a lab session with workshops on discussed from the point of view of computation 1
s data acquisition instrumentation, balancing, oil and measurement. Basic pulsation theory - including .
“ whirl/whip and rubs, and monitor system calibration. pulsations in reciprocating compressors and piping e
} systems -- will be described. Acoustic resonance '::
Contact: Bob Grissom, Customer Training Depart- phenomena and digital acoustic simulation in piping . .
i a‘ ment, Benley Nevada Corporation, P.O. Box 157, will be reviewed. Calculations of piping vibration and :':r:‘
" ) Minden, NM 89423 - {702) 782-9315. stress will be illustrated with examples and case 0::-:
oA histories. Torsional vibrations of systems containing
engines and pumps, compressors, and generators, v
¥ VIBRATION AND SHOCK SURVIVABILITY, including gearboxes and fluid drives, will be covered. i-:.-.
i :: TESTING, MEASUREMENT, ANALYSIS, AND Factors that should be considered during the design ; ::
< CALIBRATION and analysis of foundations for engines and com- r::.-,
e Dates: September 24-28, 1984 pressors will be discussed. Practical aspects of the ,tv"
":-, Place: Ottawa, Ontario, Canada vibrations of reciprocating machinery will be empha- "E
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sized. Case histories and examples will be presented
to illustrate techniques.

Contact: Dr. Ronald L. Eshleman, Director, The
Vibration Institute, 101 West 55th Street, Suite 206,
Clarendon Hills, IL 60514 - (312) 654-2254.

MACHINERY VIBRATION ANALYSIS
Dates: October 9-12, 1984

Place: Houston, Texas
Dates: November 27-30, 1984
Place: Lisle, Htinois

Objective: In this four-day course on practical
machinery vibration analysis, savings in production
losses and equipment costs through vibration analysis
and correction will be stressed. Techniques will be
reviewed along with examples and case histories
to illustrate their use. Demonstrations of measure-
ment and analysis equipment wili be conducted
during the course. The course will include lectures
on test equipment selection and use, vibration mea-
surement and analysis including the latest informa-
tion on spectral analysis, balancing, alignment, iso-
lation and damping. Plant predictive maintenance
programs, monitoring equipment and programs, and
equipment evaluation are topics included. Specific
components and equipment covered in the lectures
include gears, bearings (fluid film and antifriction),
shafts, couplings, motors, turbines, engines, pumps,
compressors, fluid drives, gearboxes, and slow-speed
paper rolls.

Contact: Dr. Ronald L. Eshleman, Director, The
Vibration Institute, 101 West 55th Street, Suite 206,
Clarendon Hilis, |L 60514 - {312) 654-2254.

MACHINERY VIBRATION ENGINEERING
Dates: October 9-12, 1984

Place: Houston, Texas
Dates: November 27-30, 1984
Place: Lisle, IHlinois

Objective: Techniques for the solution of machinery
vibration problems will be discussed. These tech-
nigues are based on the knowledge of the dynamics
of machinery; vibration measurement, computation,
and analysis; and machinery characteristics. The
techniques will be illustrated with case histories
involving field and design problems. Familiarity with
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the methods will be gained by participants in the
workshops. The course will include lectures on
natural frequency, resonance, and critical speed
determination for rotating and reciprocating equip-
ment using test and computational techniques; equip-
ment evaluation techniques including test equipment;
vibration analysis of general equipment including
bearings and gears using the time and frequency
domains; vibratory forces in rotating and recipro-
cating equipment; torsional vibration measurement,
analysis, and computation on systems involving en-
gines, compressors, pumps, and motors; basic rotor
dynamics including fluid film bearing characteristics,
critical speeds, instabilities, and mass imbalance
response; and vibration control including isolation
and damping of equipment installation.

Contact: Dr. Ronald L. Eshleman, Director, The
Vibration Institute, 101 West 56th Street, Suite 206,
Clarendon Hills, IL 60514 - (312) 654-2254.

ELECTROEXPLOSIVES DEVICES

Dates: October 16-19, 1984

Place: Philadelphia, Pennsylvania

Objective: Topics will include but not be limited
to the following: history of explosives and defini-
tions;, types of pyrotechnics, explosives and pro-
pellants; types of EEDs, explosive trains and systems,
fuzes, safe-arm devices; sensitivity and functioning
mechanisms; output and applications; safety versus
reliability; hazard sources; lightning, static electricity,
electromagnetic energy (RF, EMP, light, etc.), heat,
flame, impact, vibration, friction, shock, blast, ioniz-
ing radiation, hostile environments, human error;
precautions, safe practices, standard operating pro-
cedures; grounding, shorting, shielding; inspection
techniques, system check-out trouble shooting and
problem solving; safety devices, packaging and
transportation; specifications, documentation, in-
formation sources, record keeping; tagging, detection
and identification of clandestine explosives; reaction
mechanisms, solid state reactions; chemical deactiva-
tion, disposal methods and problem, toxic effects;
laboratory analytical techniques and instrumentation;
surface chemistry.

Contact: E&P Affairs, The Franklin Research
Center, 20th and Race Streets, Philadelphia, PA
19103 - (215) 448-1000.
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4 MECHANICAL ENGINEERING (POWER GENERA- Objective: This vibration control course will include o
\ ::: TION) all aspects of vibration control except alignment and \-,
& 4 Dates: October 22-26, 1984 balancing. (These topics are covered in separate >
¢ Place: Carson City, Nevada Institute courses.) Specific topics include active and
v ) Objective: Emphasizes the mechanisms behind vari- passive isolation, damping, tuning, reduction of noet,
.“ ous machinery malfunctions. Problems associated excitation, dynamic absorbers, and auxiliary mass :-.::
$\1 with rotating equipment used for power generation dampers. The general features of commercially avail- -:;;?
!:ﬁ are highlighted. The seminar is designed for mechani- able isolation and damping hardware will be sum- }.:‘
f.‘z cal, maintenance, and machinery engineers who are marized. Application of the finite element method to e
: 1’ involved in the design, acceptance testing, and opera- predicting the response of structures will be pre- e
p tion of rotating machinery. Other topics include data sented; such predictions are used to minimize struc- ,’:
2N for identifying problems and suggested methods of tural vibrations during the engineering design process. P
:j correction. The seminar also includes a lab session. Lumped mass-spring-damper modeling will be used to ;‘-}'q
N describe the translational vibration behavior of pack- :.;-'
Y Contact: Bob Grissom, Customer Training Depart- ages and machines. Measurement and analysis of T
ment, Bently Nevada Corporation, P.O. Box 157, vibration responses of machines and structures are )
. Minden, NV 89423 - (702) 782-9315. included in the course. The course emphasizes the 3:_‘.
} > practical aspects of vibration control. Appropriate ::f..
M2 case histories will be presented for both isolation and K
3 UNDERWATER ACOUSTICS AND SIGNAL PRO- damping. ¢
3 ’ » -F
Nyl CESSING .
b Dates: October 22-26, 1984 Contact: Dr. Ronald L. Eshleman, Director, The
| § . oo ) -
oy Place: State College, Pennsylvania Vibration Institute, 101 West 55th Street, Suite 206, N
3{\ Objective: The course is designed to provide a broad, Clarendon Hills, 60514 - (312) 6564-2254. ";e X
' ; comprehensive introduction to important topics in A
i underwater acoustics and signal processing. The N
o ) acoustics and signal - processing ROTOR DYNAMICS B
primary goal is to give participants a practical under- ] S
R . . Dates: May 6-10, 1985
standing of fundamental concepts, along with an Place: Syria, Virginia o
Vs appreciation of current research and development & o yria, Virg . . NG
{ L . . . Objective: The role of rotor/bearing technology in PR
. activities. Included among the topics offered in this . . . . . RSK
) . . . . the design, development and diagnostics of industrial o
A.\a‘ course are: an introduction to acoustic and sonar . - N
My machinery will be elaborated. The fundamentals of W
,l\:‘ concepts, transducers and arrays, and turbulent and . .. . LR
i\ . . . . rotor dynamics; fluid-film bearings; and measure- o
g cavitation noise; an extensive overview of sound . . . . Y
'y . . . ) ment, analytical, and computational techniques will .
propagation modeling and measurement techniques; . -
} . . . be presented. The computation and measurement R
W a physical description of the environment factors f critical ds vibration resoonse. and stability of R
\ affecting deep and shallow water acoustics; a practical ° ¢ I/t;e r.spee Sstwm w'IIr ;20 ds:c seds o de»;ail -:.‘:”
¥ guide to sonar electronics; and a tutorial review of ro c?r aring systems wi Iseus " . =4
WY - . . . Finite elements and transfer matrix modeling will R,
N analog and digital signal processing techniques and . . t,.‘»
:‘1 active echo location developments be related to computation on mainframe computers, N
¥ ’ minicomputers, and microprocessors. Modeling and _,.'
Contact: Alan D. Stuart, Course Chairman, Ap- c.omputat!on'of tran§|ent rotqr ber?awor and 'non- ~
258 . . linear fluid-film bearing behavior will be described. A
< plied Research Laboratory, The Pennsylvania State Sessions will be devoted to flexible rotor balancin ERAN
gﬁ: University, P.O. Box 30, State College, PA 16801 - wessions witl be devo ° ' or N9 ON
!l‘“ (814) 8634128 including turbogenerator rotors, bow behavior, e
::" ’ squeeze-film dampers for turbomachinery, advanced
y concepts in troubleshooting and instrumentation, 2%,
. MARCH and case histories involving the power and petro-
w3 chemical industries. o
4/ We
e oA
e VIBRATION CONTROL Contact: Dr. Ronald L. Eshleman, Director, The Y
:fl Dates: March 26-29, 1985 Vibration Institute, 107 W. 56th St., Suite 206, o
1 . [
Ry Place: Washington, D.C. Clarendon Hills, IL 60514 - (312) 654-2254, - :
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Call for Papers

NOISE-CON 85
June 3.5, 1985
Columbus, Ohio

"Computers for Noise Control”’ will be the theme of
NOISE-CON 85, the 1985 National Conference on
Noise Control Engineering. The Ohio State University
in Columbus, Ohio will be the host for the June 3-5,
1985 national conference. The Ohio State Mechanical
Engineering Department and the Institute of Noise
Control Engineering are co-sponsoring the three-day
meeting. Rajendra Singh is the General Chairman and
Lynn L. Faulkner is the Technical Program Chairman.

Technical papers are being solicited in all areas of
noise control engineering. Of particular interest are
the following topics: personal computers for noise
control, computers for laboratory use, machinery
noise reduction predictions, acoustic finite element
analysis and other numerical methods, prediction of
filter and muffler performance, acoustic source level
predictions, prediction of acoustical material perfor-
mance, barrier and enclosure predictions, outdoor
noise propagation, interior noise, open plan office
predictions, office equipment noise, vehicle noise,
active noise and vibration control, diagnostics using
acoustics, positive applications of acoustic energy,
measurement systems, and noise from components
and systems such as gears, bearings, pumps, fans,
motors, brakes, burners, furnaces and engines.

news on current

* and Future Shock and

s Vibration activities and events

Individuals interested in submitting a paper should
send a 300-word abstract to NOISE-CON 85, Depart-
ment of Mechanical Engineering, The Ohio State
University, 206 W. 18th Avenue, Columbus, OH
43210 - (614) 422-1910. Deadline for receipt of
abstracts is October 15, 1984. Manuscripts for the
Conference Proceedings are due on February 1, 1985,

JOHN C. SNOWDON VIBRATION CONTROL
SEMINAR
October 22-25, 1984
Pennsylvania State University

The Pennsylvania State University will offer another
one of its Vibration Control seminars on October 22-
25, 1984, again under sponsorship of the Applied
Research Laboratory. These seminars, which are
presented by internationally known lecturers, were
initiated by the late Professor C. Snowdon a decade
ago and now continue under the guidance of Dr.
Eric E. Ungar of Bolt Beranek and Newman, Inc. The
seminars emphasize principles, general approaches
and new developments, with the aim of providing
participants with efficient tools for dealing with their
own practical vibration problems.

For further information contact: Gretchen A. Leath-
ers, 410 Keller Conference Center, University Park,
PA 16802 - (814) 863-4563 (TWX No.: 510-670-
3532).
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MECHANICAL SYSTEMS

ROTATING MACHINES
(Also see Nos. 1646, 1654, 1688, 1860, 1871)

84-1564

Blade Loss Transient Dynamics Analysis with Flex-
ible Bladed Disk

V.C. Gallardo, G. Black, L. Bach, S. Cline, and A.
Storace

General Electric Co., Cincinnati, OH, Rept. No.
NASA-CR-168176, 269 pp (Apr 1983)

N84-13193

Key Words: Rotors, Blade ioss dynamics

The transient dynamic response of a flexible bladed disk on
a flexible rotor in a two rotor system is formulated by modal
synthesis and a Lagrangian approach. Only the nonequili-
brated one diameter flexible mode is considered for the
flexible bladed disk, while the two flexible rotors are repre-
sented by their normal modes. The fiexible bladed disk
motion is modeled as a combination of two one diameter
standing waves, and is coupled inertially and gyroscopically
to the flexible rotors. Application to a two rotor model
shows that a flexible bladed disk on one rotor can be driven
into resonance by an unbalance in the other rotor, and at a
frequency equal to the difference in the rotor speeds.

84-1565

Coupled Lateral-Torsional Vibration of Rotor System
Trained by Gears (Part 1. Analysis by Transfer Matrix
Method)

T. lwatsubo, S. Arii, and R. Kawai

The Graduate School of Science and Tech., Kobe
Univ., Rokke, Nada-ku, Kobe, Japan, Bull. JSME,
27 (224), pp 271-277 (Feb 1984) 15 figs, 4 tables,
5 refs

Key Words: Rotors, Gears, Coupled response '_ateral vibra-
tion, Torsional vibration, Transfer matrix method

This paper is concerned with the coupled lateral-torsional
vibration of rotors trained by gears. A numerical calculation
technique using the transfer matrix method is presented to
obtain both free and forced vibrations. The numerical calcu-
lations are carried out in three cases: force acting on the

A '-.L‘-
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L i W
f~:¢~.~‘:’#¢\f\ .\{._ PeL A
/ | A \‘.\J"’v‘

contact line - a8 function of rotation at gears; force acting on
the contact line -- a function of both rotation and flexure
at gears; and two rotors not coupled, The eigenvalues, eigen-
modes, and responses of unbalanced mass are calculated and
the results are discussed.

84-1566

Analysis of Rotor Vibration Excited by Seiamic Wave
O. Matsushita, M. Takagi, and K. Kikuchi

Mech. Engrg. Res. Lab., Hitachi Ltd., 502, Kandatsu-
Machi Tsuchiura-Shi, Ibaraki 300, Japan, Bull. JSME,
27 (224), pp 278-288 (Feb 1984) 18 figs, 1 table, 4
refs

Key Words: Rotors, Flexible rotors, Seismic design, Seismic
waves, Clearance effects

This paper deals with rotor vibration caused by seismic wave,
the influence of gyroscopic force on the response and an
aseismic design method using a stopper with clearance. An
analysis is presented for calculation of the response of a
general flexible rotor excited by an arbitrary external force
such as seismic wave. Modal techniques and step by step
numerical integration are employed. The calculation method
is applied to a rotor with a strong gyroscopic force.

84-1567

Nonlinear/Transient Rotor Dynamics Analysis

M.L. Adams

Case Western Reserve Univ., Cleveland, OH 44106,
Shock Vib. Dig., 16 (3), pp 3-6 (Mar 1984) 2 figs,
20 refs

Key Words: Rotors, Transient response, Nonlinear response,
Reviews

This review article presents an update of work since 1980.
Because this topic - nonlinear/transient rotor dynamics -
is @ specialty within the specialty of rotor dynamics, the
number of investigators concentrating on it is not large. How-
ever, the significance of recent work to various types of
rotating machinery is high.

84-1568

Dynamic In-Plane Response at the Centre of a Ro-
tating Elastic Disc Due to Oscillatory In-Plane Forces
at the Rim

R.J. Pinnington
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Southampton Univ., UK, Rept. No.
59 pp (Oct 1982)
N84-13613

ISVR-TR-121,

Key Words: Disks, Rotating structures

The vibration response at the center of a rotating disc which
is subjected to in-plane, normal and tangential forces at the
rim is analyzed. Such a disc will behave as a rigid body at
low frequencies, with the acceleration at the center in phase
with force at the rim. However, to analyze the response at
higher frequencies it is necessary to consider wave motion
within the disc. The vibration analysis of the disc involves
two uncoupled wave equations expressed in plane polar
co-ordinates. The general solution to each of these equations
is 8 summation of orthogonal modes.

84-1569

Analysis of Shaft Alignment Taking Oil Film Charac-
teristics of Stern Tube Bearing into Consideration
(Part 1, Theoretical Analysis)

J. Mitsui and Y. Akutsu

Tamano Lab., Mitsui Engrg. & Shipbuilding Co.,
Ltd. 1-1, Tama 3-chome, Tamano, Okayama, Japan,
Bull. JSME, 27 (224), pp 317-324 (Feb 1984} 19 figs,
2 tables, 3 refs

Key Words: Shafts, Alignment, Marine propellers, OQil-film
beerings, Fluid-film bearings

To achieve energy savings, ships are now being designed with
larger propellers operating at lower speed. Such designs
impose a heavier load on the stern tube beering. Shaft align-
ment calculations are made taking into consideration oil fitm
characteristics of the stern tube bearing. The oil film charac-
teristics are analyzed applying the finite width hydrodynamic
theory to the curved shaft in the stern tube bearing. This
theorstical analysis makes it possible to elucicate the oit film
characteristics. The optimum wiith-diameter ratio of the
stern tube bearing at lower speed is also obtained by this
snelysis.

84-1570
Torsional Vibration of Crankshafts in Reciprocating
Machines
D.K. Rao
Wright-Patterson Air Force Base, OH 45433, Shock
Vib. Dig., 16 (2), pp 15-23 (Feb 1984) 103 refs
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Key Words: Shafts, Crankshafts,
Torsional vibration, Reviews

Reciprocating engines,

Crankshafts and connected shafting in reciprocating engine-
driven systems such as ship propulsion drives, air compres-
sors, diesel generator sets, and automobiles can fail if exces-
sive torsional vibratory stresses are developed due to 8 tor-
sional mismatch between driving and driven machinery. This
paper reviews current literature dealing with determination
of torsional natural frequencies and vibratory stresses in
reciprocating machinery shafting.

84-1571

Optimum Design of Rotating Machines with Over-
hung Weight, Part 1: Formulation of Optimum
Problems

A. Sueoka, H. Tamura, Y. Tsuda, and H. Yamasaki
Kyushu Univ., Higashi-ku, Fukuoka-shi, Japan,
Bull. JSME, 27 (223), pp 79-86 (Jan 1984) 8 figs,
12 refs

Key Wofds: Optimum design, Shafts

Regarding rotating machines with overhung weight as a sys-
tem with one shaft and one rigid body, the extreme value
problems of the static natural frequencies, forward and back-
ward critical speeds under constant volume of the shaft are
formulated by using the matrix method by which the spring
constants of the axial symmetric structure are directly cal-
culated. In this case, the shaft of a rotating machine consists
of uniform beams which are connected in series with one
another. Besides the length, inside and outside diameters of
every beam that is an element of the shaft, the distance
between shaft/rigid body connection point and center of
gravity of the rigid body is used as a design variable.

84-1572

Acoustic Ranging Technique with Application to
Assessment of Low-Frequency Acoustic Noise of
Wind Turbines

R. Hemphill

Solar Energy Res. Inst., Golden, CO, (Pres. at the
Wind/Solar Energy Conf., Kansas City, MO, Apr 25,
1983), Rept. No. SERI/TP-215-1954, CONF-830432-
3, 12 pp (May 1983)

DEB3009406

Key Words: Wind turbines, Noise generation, Low frequen-
cies
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Impulsive low-frequency noise from wind turbines can cause
annoyance perticularly when a residential structure is in-
voived. Such noise is typicslly generated in some spatially
restricted region of a turbine rotor swept area. Low-frequen-
¢y impuisive noise of the MOD-1 turbine was generated
when the rotor blades passed downwind of the tower legs
encountering the complex unsteady flows there. An acoustic
ranging technique that aids assessment of the degree of
concentration of acoustic generation within the turbine
swept srea and which determines the timeeverage spatial
source region of such concentration is described. Practical
applications and limitations of the process are discussed.

RECIPROCATING MACHINES
(Also see Nos. 1570)

84-1573

Basic Research on Vibration and Noise of Internal
Combustion Engine (18t Report, Vibration Analysis
of the Piston-Crank System I)

M. Nagaike and A. Nagamatsu

Tokyo Inst. of Tech., 12-1, Ohokayama 2-chome,
Meguro-ku, Tokyo, 152, Japan, Bull. JSSME 27 (224),
pp 289-294 (Feb 1984) 15 figs, 1 table, 4 refs

Key Words: Internal combustion engines, Substructuring
methods, Building block approach, Natural frequencies,
Mode shapes, Transfer functions

A vibration analysis of the piston-crank system of an internal
combustion engine is made. The system is composed of
three substructures: a piston, a connecting rod, and & com-
bined system of a crankshaft and s flywheel. The transfer
functions of each substructure are obtsined by the reduced
impedance method. The transfer functions of a beering
are obtained experimentally by the harmonic exciting test.
Naturs! frequencies, natural modes and transfer functions
of the whole body are determined with the transfer func-
tions of esch substructure and beering parts by the building
block spproach.

84-1574

Dynamic Analysis of the Fluidyne

C.D. West

Oak Ridge National Lab., TN, Rept. No. CONF-
83081249, 27 pp (1983) (18th Intersociety Energy

Conversion Engrg. Conf., Oriando, FL, Aug 21, 1983)
DEB3017283

Key Words: Internal combustion engines

The dynamic behavior of the liquid-piston Stirling engine is
analyzed using the vector or phasor method of representing
the motions of coupled systems. The result, for the first time,
is a8 simple physical explanation of the feedback mechanism
most frequently employed in these machines. In addition,
the method leads to an easy derivation of certain results
already known from experiment or from more complex
analyses.

84-1575

Forced Oscillation Experiments in Supercritical
Diffuser Flows

M. Sajben, T.J. Bogar, and J.C. Kroutil

McDonnell Douglas Corp., St. Louis, MO, AlAA J.,
22 (4), pp 465-474 (Apr 1984) 16 figs, 1 table,
17 refs

Key Words: Jet engines, Combustion excitation, Vibration
response

Low-frequency oscillations induced in ramjet inlets by
combustion instabilities were simuiated by mechanically
modulating the exit area of a two-dimensionsi, supercritical
diffuser at frequencies up to 330 Hz., Boundary layers were
attached below a terminal shock Mach number of 1.27, and
shock-induced separation occurred above this value up to
the experimental limit of 1.35. Shock position histories were
obtsined and streamwise distributions of static/total dynamic
pressures were determined both an the wall and within the
flow for various shock strengths and frequencies. Excitation
st the natural frequencies of the shock motion produced
no obvious resonance effects.

METAL WORKING AND FORMING

84-1576

Development and Application of Multiple Input
Models for Structural Noise Source Identification of
Forge Hammers, Part I: Development

M.W. Trethewey and H.A. Evensen

Pennsylvania State Univ., University Park, PA 16802,
J. Acoust. Soc. Amer., 75 (4), pp 1092-1098 {Apr
1984) 10 figs, 32 refs
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Key Words: Forging machinery, Noise source identification,
Multipoint excitation technique

The application of multiple input models to analyze struc-
turally generated noise from a forge hammer is discussed.
This article is intended to present the rationale for applica-
tion and analysis of multiple input models for noise source
identification. The deveiopment of the empirical models is
reviewed and investigated to show how the terms in the
model can be interpreted to mathematically simulate the
selective wrapping approach to source identification. The
interaction of the structural excitation forces and radiated
structural noise is examined for a four-piece forge hammer
and provides an indication of the characteristic measurements
needed to develop the multiple input model that is repre-
sentative of the hammer’s sound radiation. The transducer
requirements for application to forge hammers are examined
through experiments performed on a laboratory test struc-
ture and a forge hammer column, The results indicate that a
single, well-placed transducer may be sufficient to charac-
terize the sound radiation from a monolithic element.

84-1577

Development and Application of Multiple-Input
Models for Structural Noise Source Identification of
Forge Hammers. Part II - Application

M.W. Trethewey and H.A. Evensen

Pennsyivania State Univ., University Park, PA 16802,
J. Acoust. Soc. Amer., 75 (4), pp 1099-1104 (Apr
1984) 6 figs, 3 tables, 3 refs

Key Words: Forging machinery, Noise source identification,
Mulitipoint excitation technique

This article analyzes the application of the multiple-input
modeling technique to the structural noise source identifica-
tion of a Chambersburg no. 8 die forger. A comparison of
three-, five-, and seven-input models applied to the forge
hammer under production conditions indicates that as few
as five transducers would suffice to characterize the sound
contributions of the five structural elements. Analysis of
these models indicates that the ram is the dominant source
of sound energy, the cofumns are secondary sources, and
the yoke and anvil are minor source when detected through
8 microphone at the operator’s position. The analysis also
shows that the coupling between the hammer structural
elements is sufficient to render conventionsl wrapping
identification methods unreliable for analyzing hammer
noise,

84-1578
Machine Tool Modifications with Tuned Dampers
PJ. Riehle and D. Brown
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Anatrol Corp., Cincinnati, OH, S/V, Sound Vib.,
18 (1), pp 34-39 (Jan 1984) 14 figs, 8 refs

Key Words: Machine tools, Chatter, Dynamic vibration
absorption (equipment}, Viscoelastic damping

Machine tool vibration problems associated with chatter
and how these problems can be corrected with the applica-
tion of tuned dampers are discussed. The fundamentals of
seif-excited and forced machine tool chatter and techniques
for reducing chatter are briefly described. The process of
designing tuned dampers for structurali modifications is
reviewed with special emphasis placed on the selection of
viscoelastic damping materials. A case study involving a

machine toof chatter problem and its solution with a tuned
damper is described in detail.

84-1579

On-Line ldentification and Control of Machining
Chatter in Turning through Dynamic Data System
Methodology

Shing-Yuan Tsai

Ph.D. Thesis, Univ. of Wisconsin-Madison, 286 pp
(1983)

DAB8323406

Key Words: Chatter, Machine tools, Vibration control

The time-varying stability of the machining process neces-
sitates a technique of on-line chatter identification and con-
trol. In a six-stage study, such a technique was sought. The
theoretical derivation and developed strategy presented in
this study have provided a solid basis for developing a chatter
free fathe.
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84-1580

Experimental and Analytical Evaluation of Causes of
Cracking in Precast Panel Highway Bridges

F.E. Fagundo and C.Q. Hays, Jr.

Univ. of Florida, Gainesville, FL, ISA Trans., 23 (1),
pp 1-9 (1984) 10 figs, 6 refs
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Key Words: Bridges, Panels, Precast concrete, Crack propaga-
tion, Moving loads

Time and sconomic factors favor composite precast deck
! bridges over conventional cast-in-place decks. Although both
systems have been used successfully for many years, the

i precest system exhibits more regular cracking patterns than
the cast-inplace system. Based on field measurements of

J deflection petterns, both under static and dynamic moving
: vehicle loads, laboratory testing on specimens subjected to
; cyclic loads, ssmple cores obtained from the structure, and
finite element modeling, the causes of cracking have been

v, identified. Differential creep and shrinkage and, where
) applicable, the lack of positive bearing of the precast panels
z over the girders all contribute in different proportions to
:, the cracking. Preliminary evalustion of the effects of crack-
B ing, suggestions on how to improve the performance of the

deck system, snd description of continuing work on labora-
\ tory testing is presented. A rapid automatic data acquisition
system is described for obtaining field and laboratory data.

L 84-1581

: Bridge Pile Damage upon Vessel Impact

' K.N. Derucher
Stevens Inst. of Tech., Hoboken, NJ 07030, Com-
puters Struc., 18 (5), pp 931-935 (1984) 8 figs, 4
refs

Key Words: Pile structures, Bridges, Ships, Collision research
(ships)

Many piers of bridges that span navigable waters are increas-
“ ingly subjected to vessel impact. Many of these bridge piers
* are concrete and are constructed such that the piling system
and the bridge pier are one. Depending upon the size and

4 the material of the pile and upon vessel impact there may be
a failure within the pile itself or at the pile-pier intersection.

o] If the impact is great enough, the failure or fracture may
: be 8 complete one, and the pier moves horizontally and/or
vertically. Thus, failure of the bridge may result while the

| pier is still intact. A new bridge may be built or rehabilitated
‘ using the existing pier which may now be inadequate. In
p meny cases the amount of piling failure is difficult to assess.
A procedure has been developed to determine the amount of

{ pier movemnent (failure of the piles) that might occur. The

3 procedure uses s modification of two existing computer
# programs (s Isteral pile program and a pile group program).
¥

‘ 84-1582

b Fatigue Resistance of Riveted Steel Truss Bridge
i Members and Joints

Chun Kyung Seong

Y w.}"-m

“ L) jw ; )
n l‘:"\ :\‘ “\.' ‘\ \' .l::l " .

Ph.D. Thesis, Lehigh Univ., 268 pp (1983)
DAB329476

Key Words: Bridges, Structural members, Joints {junctions),
Riveted joints, Fatigue fife

The fatigue resistance of oid riveted truss bridge members
and joints is investigated. Clamping forces in rivets and
friction between interfacing plates are considered not de-
pendable and ignored. The components of riveted details
are subsequently resolved into plane stress plates. Emphasis
is placed on developing an analytical procedure for esti-
mating fatigue crack propagation life of riveted truss details.
The analysis of member stresses is conducted by finite
element modeling of a bridge span as a three dimensional
space frame. Redistribution of stresses in truss bridge mem-
bers when one develops a crack is examined by assuming
the reduction of cross section occurs throughout the member
length. By using singular isoparametric plane stress elements,
the fracture mechanics stress intensity factor for cracks
emanating from rivet holes is evaluated through a virtual
crack extension method. Two types of details are studied:
riveted built-up truss members with no transfer of load
between component plates and riveted truss joints where
rivets transfer loads by bearing.

BUILDINGS

84-1583

The Effect of the Angle of Incidence on Residential
Acoustical Insulation

F.L. Hall and N. Bechrakis

McMaster Univ., Hamilton, Ontario, Canada L8S
4L7, Noise Control Engrg. J.,_ 22 (2), pp 42-47
(Mar/Apr 1984) 1 table, 15 refs

Key Words: Buildings, Noise reduction, Airports

The effectiveness of acoustical insulation in residential
housing near airports may vary during an aircraft flyover,
depending on the relative location of the flight paths and the
housing, because the angle of incidence of sound waves
affects transmission loss. Alternatively, the number of
reflected paths in normal residential areas may be so grest
as to override any such effect. This paper tests these two
possibilities using field data collected for 20 rooms. The
results show that the mean value of the decrease in insulation
during an aircraft flyover is close to 5 dB. For those cases
where the aircraft passes directly over the house, the lowest
ingulation values occur at the time when the outdoor sound
due to the aircraft is at its highest level.
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84-1584

Cladding Influence on Dynamics Response of Tall
Buildings

H. Palsson, B.J. Goodno, J.l. Craig, and K.M. Will
Swiss Fed. Inst. for Reactor Res., Wuerenlingen,
Switzerland, Earthquake Engrg. Struc. Dynam,,
12 (2), pp 215-228 (Mar/Apr 1984) 11 figs, 7 tables,
19 refs

Key Words: Buildings, Multistory buildings, Cladding, Seis-
mic design

Precast concrete penels form attractive facades for steel
frame buildings and are generally regarded as nonstructural
by structural engineers. However, paneis have been found to
add lateral stiffness until their capeacity or that of their con-
nections is exceeded. Consequently, the computed dynamic
response based on a model of the structural framing alone
may be quite different from that experienced by the actual
structure, As a case study, the influence of precast concrete
panels on lateral and torsional stiffness of a 25-story building
is investigated. The effect of cladding on dynamic properties
and linesr seismic response is explored by varying panel
stiffness.

84-1585

An Alternative Approach to the Random Response of
Bilinear Hysteretic Systems

K. Asano and W.D. lwan

Kansai Univ., Osaka, Japan, Earthquake Engrg. Struc.
Dynam., 12 (2), pp 229-236 (Mar/Apr 1984) 6 figs,
11 refs

Key Words: Buildings, Hysteretic damping, Random excita-
tion, Equivalent lineerization method

An analytical representation of the bilinear hysteretic charac-
teristic is presented. Using this represontation, the response
of » single-degree-of-freedom bilinear hysteretic system sub-
jected to nonstationary random excitation is examined by
equiveient linearization, An ordinary differentiel equation
is derived for the covariance metrix of the response. Numeri-
cal examples sre presented and the accuracy of the approach
is demonstrated. Extension of the approsch to s wider class
of hysteretic systems is discussed.

84-1586
Comparison of Outdoor Microphone Locations for
Measuring Sound Insulation of Buiding Facades
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F.L. Hall and M.J. Papakyriakou

McMaster Univ., Hamilton, Ontario, Canada K1A
ORS6, J. Sound Vib.,_92 {(4), pp 559-567 (Feb 22,
1984) 1 fig, 4 tables, 5 refs

Key Words:
techniques

Buildings, Acoustic insulation, Measurement

Measurement of the acoustical insulation of building facades
requires simultaneous measurement of sound pressure levels
indoors and outdoors, but there is still some question as to
the best location for the outdoor microphone. This paper
reports the differences between sound pressure leveis at 2 m
from a facade and at its surface, for a series of measurements
at 33 different houses.

84-1587

Soil-Structure Interaction Effects on the Steady-State
Response of Torsionally Coupled Buildings

T.G. Tsicnias and G.L. Hutchinson

Univ. of London King's College, London, UK, Earth-
quake Engrg. Struc. Dynam., 12 (2), pp 237-262
(Mar/Apr 1984) 16 figs, 2 tables, 21 refs

Key Words: Buildings, Interaction: soil-structure, Seismic
excitation

The effect of the foundation flexibility on the coupled
iateral-torsional response of single story buildings excited
by transiational ground motion is investigated. The eccen-
tricity between the center of mass and the center of resis-
tance is considered to be the only cause of coupling of the
loteral and torsional response of the building. The study is
confined to the steady-state response of rigidly supported
and flexibly supported torsionally coupied buildings sub-
jected to harmonic free-field ground displacement perpen-
dicular to the direction of the eccentricity. In the case of
the flexibly supported building the foundation medium is
assumed to be an elastic homogeneous isotropic halfspece.
The effect of the controiling parameters on lateral-torsional
coupling is investigated.

84-1588

Hazardous Buildings: Aspects of the Los Angeles
Earthquake Problem

D.M. Lee and R. Shepherd

Univ. of Chicago, Chicago, IL, Earthquake Engrg.
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Struc. Dynam., 12 (2), pp 149-167 (Mar/Apr 1984) Key Words: Buildings, Multistory buildings, Seismic design,
24 figs, 6 refs Base isolation

A linear multistory structure with a seismic base isolation
system consisting of rubber bearings and frictional elements
is considered. The nonlinear equations of motion are derived
for the first mode vibration and the stochastic response to a
white noise ground acceleration is determined. Based on this
response, suitable objective functions are defined and the
optimum design of the isolation system is performed. It is
shown that a smail amount of friction increases the effective-
ness of the system compared with the same system but
without frictional elements.

Key Words: Buildings, Seismic design

in recognition of the life-threatening dangers posed by many
thousands of buildings completed prior to the requirement
for provision of any specific earthquake resistance, in 1981
the city of Los Angeles adopted a seismic safety ordinance
requiring the upgrading of thess buildings to predetermined
engineering standards. Various methods of modifying such
structures, which are characteristically of unreinforced
multi-story masonry besring wall configuration with interior
wood framing, are summarized in this paper. In addition to
presenting typical structura! details, some of the socio-
economic and financia! aspects of the earthquake hazard
mitigation program are discussed. TOWERS
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84-1591

Dynamics of a Freestanding Steel Lighting Tower
84-1589 K.C.S. Kwok, G.J. Hancock, P.A. Bailey, and P.T.
Dynamic Response of Buildings to Ground Rota- Haylen
tional Motion School of Civit and Mining Engrg., Sydney Univ.,

AM. Awad and J.L. Humar Australia, Rept. No. R-450, 30 pp (June 1983)
Faculty of Engrg., Univ. of Alexandria, Alexandria, PB84-137934

Egypt, Can. J. Civil Engrg., 11_(1), pp 48-56 (Mar
1984) 7 figs, 13 refs Koy Words: Towers, Steel, Natura! frequencies, Mode shepes

PPN

o]

Key Words: Buildings, Torsional response, Seismic excitstion Rewults of full scele measurements of the dynemic chersc-
toristics of a seel lighting tower are presented. The first

Torsionsl motion in a building subjected to serthquake force three natursl frequencies of vibrstion were found to be

is often attributed to an eccentricity between the centers of 0.50 Hz, 2.40 Mz and 4.84 Hz respectively. The correspond-

mass and resistance of the building. However, a more direct ing mode shapes were aiso determined. Thess results are

cause of torsions! response is the presence of s rotstionsi compered with thoss obtsined from s pilsne rigid freme

component in the sarthqueke motion. The effect of such » dynamic anslysis computer program ar.. found *o be in good

rotational motion on the response of both 8 symmetric and agreement.

an unsymmetric singie story building model is studied. It is

shown that the rotational component of excitation mey have

8 very significant effect on the response, and that this effect

may at times be more pronounced than the sffect of torsion

resulting from trensletionsl motion combined with plen FOUNDATIONS

eccentricity.
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84-1592
Earthquake Respomse of Structwres with Partial
Uplift on Winkler Foundstion
84-1590 Chik-Sing Yim and A K. Chopra
The Optimum Design of a Base Isolation System with Univ. of California, Berketey, CA, Earthquake Engrg.
Frictional Elements Struc. Dynam,, 12 (2), pp 263-281 (Mar/Apr 1984)
M.C. Constantinou and |.G. Tadjbakhsh 12 figs, 12 refs
Rensselaer Polytechnic Inst.,, Troy, NY, Earthquake
Engrg. Struc. Dynam., 12 (2), pp 203-214 (Mar/Apr Key Words: Winkier foundstions, Foundetions, Seismic
1984) 5 figs, 6 tables, 15 refs respones
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The effects of transient foundation uplift on the earthquake
response of flexible structures are investigated. The structural
ideslization chosen in this study is relatively simple but it
incorporates the most important features of foundation
uplift. In its fixed base condition the structure itself is
ideslized as a single-degree-of-freedom system attached to a
rigid foundation mat which is flexibly supported. The flexi-
bility and damping of the supporting soil are represented
by a Winkler foundation with spring-damper elements dis-
tributed over the entire width of the foundation. Based on
the response spectra presented for several sets of system

A finite element method is presented to analyze the effects
of airblast-induced ground shock on shallow-buried, flat-
roofed, reinforced concrete structures. A finite element
based on Timoshenko beam theory is adopted. Material
properties are defined in terms of nonlinear stress-strain
relations in each of several layers through the thickness of
the element. Elastic, ideally-plastic constitutive properties
for plain concrete are cast in terms of shear-stress/normal-
stress variables. Elastic, strain-hardening constitutive prop-
erties are assumed for steel. Dynamic explicit and implicit
and static solution algorithms are available.

ol
X YA

parameters, the effects of foundation-mat uplift on the

. A ] g s
L, maximum response of structures are identified. The influence MNENTS
! ﬁ of earthquake intensity, structural sienderness ratio, ratio of -:}:.-
£ : foundation mass to structural mass, foundation flexibility \_; 3
o alnd P—& c.effects on the response of uplifting structures is POWER PLANTS ,‘- }?5
NN 8lso investigated. (Also see Nos. 1753, 1757) NN
: ®
\' .’-L‘
;zl UNDERGROUND STRUCTURES 84-1595
» u ity o nthesiz aveforms for Seismic
o Suitabili f Synthesized Wavef for Seismi
: Qualification of Equipment
™ 84-1593 D.D. Kana and D.J. Pomerening
L Dynamic Response of Twin Circular Tunnels Due to Southwest Res. Inst., San Antonio, TX 78284, J.
. Incident SH-Waves Pressure Vessel Tech., Trans. ASME, 106 (1), pp
_.: T. Balendra, D.P. Thambiratnam, Chan Ghee Koh, 63-68 (Feb 1984) 15 figs, 14 refs
- and Seng-Lip Lee
T Natl. Univ. of Si Si Earthquak i
, atl. mv. o Ingapore, JSlngapore, Etarthquake Key Words: Nuclear power plants, Equipment response,
<, Engrg. Struc. Dynam., 12 (2), pp 181-201 (Mar/Apr Seismic response, Qualification tests
. 1984) 12 figs, 2 tables, 10 refs
N Qualification of nuclear plant equipment and components
g ) can be performed by analysis, test, or a combination of both.
:‘. 'S'V Words: Tunnels, Underground structures, Wave reflec- It is often required to synthesize artificial time histories
N tion which represent earthquake excitation at either ground level,
’ ) ) or some elevated level of a structure, A set of parameters
q The audy-.stnte solution f°' two parallel‘ ut.\derground appropriate for the synthesis of acceleration time histories
tunnels of circular crose-section subjected to incident plane is developed. The parameters are based on a study of six
harmonic fSH-waves s °_b'°"‘°d in closed f°':'"' by “""9_""’ typical earthquake accelerograms, and include general charac-
Y f"'"'od of wave function expansion. T'he image technique teristics of the motion, a definition of strong ground motion,
oAY is employed to account for "‘? reflectnon. of waves at the frequency content, stationarity, coherence between orthog-
.‘-: ground "".f':e' Numerical studies are carried out to deter- onal components, and amplitude probability density. It is
f’s mine the in |.uence of spacing bet.w.een the tunnels on the concluded that the strong ground motion can be approxi-
2 sheer stresses in concrete and steel linings. mated by a stationary Gaussian random process, whose
frequency content depends on the ground or elevated posi-
.. tion of concern.
. ]
| ]
[ ]
7! 84-1594
~ R/C Structures under Impulsive Loading
g J. Ghaboussi, W.A. Millavec, and J. Isenberg OFF-SHORE STRUCTURES
Univ. of lllinois, Urbana, IL, ASCE J. Struc. Engrg.,
My 110 (3), pp 505-522 (Mar 1984) 15 figs, 1 table, 14
) » refs 84-1596
'y Hydrodynamic Forces on l'1ex|hle Offshore Struc-
: Key Words: Underground structures, Reinforced concrete, tures
1 Aerisl explosions, Ground shock, Explosion effects E.J. Laya, J.J. Connor, and S.S. Sunder
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1N INTEVEP, S.A., Caracas, Venezuela, ASCE J. Engrg.

A3 Mech., 110 (3), pp 433-448 (Mar 1984) 7 figs, 1
( table, 25 refs
\-..

Key Words: Off-shore structures, |nteraction: structure-fluid,
Hydrodynamic excitation

LA
)
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b
e The extension of Morison’s equation to allow for structurat
* . motion in predicting the hydrodynamic force on offshore
Vo) steel jacket platforms may be based on two different hypoth-
,--’ ¥ eses: the relative velocity model which replaces the fluid
Y velocity by the relative velocity between the fluid and the
:i structure; and the independent flow fields model which
'j considers the flow to be a superposition of two unrelated
‘ \‘ flows, one due to the wave-current action on a rigid cylin-
Ro ™) der, and the other due to the structural motion in still water.
’ An iterative computational procedure that combines time
" o domain and frequency domain analysis techniques is devel-
- oped to solve the nonlinear governing equations for both
b :: models, Comperison studies are carried out for seastates
2 ranging from the drag dominant through the inertia dominant
'} regimes.
4
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2 VEHICLE SYSTEMS
L
. GROUND VEHICLES
& (Also see Nos. 1637, 1638, 1639, 1731)
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) 84-1597
N A Search for Priorities in Crash Protection
A A.C. Malliaris and J.Hedlund
b5 Natl. Highway Traffic Safety Admn., SAE Paper
% No. 820242 (SP-513)
4
« Key Words: Collision research {automotive)
viy This paper presents the methodology and results of an
: J analysis of the available information on motor vehicle safety
Q which could be used to provide a besis for establishing
] priorities for future Government and private sector efforts
:'.V directed at enhanced crash protection. This study uses the
Y National Highwey Traffic Safety Administration’s automated
‘" data files on personal injury as the baseline information on
o injuries sustained by restrained and unrestrained occupants
*.u. of all types of vehicles, and by pedestrians and cyclists. This
"'. information is analyzed according to the magnituds of harm
:'_o susteined, the potential for reduction in harm, and the
retstive adequacy of data and methods available for the
i‘r" exploration of solutions.
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84-1598 537
Light Vehicle Frontal Impact Protection Sl
D.S. Cohen, E. Jettner, and W.E. Smith
Natl. Highway Traffic Safety Admn., SAE Paper No.
820243 (SP513)

Key Words: Collision resesrch (sutomotive)

This paper addresses the protection of occupants in light
vehicles. It presents data and techniques for identifying and
measuring potentisl crashworthiness improvements that
would mitigate injuries to occupants striking frontal interior
components such as the steering wheel, instrument panel and
windshield. The focus of this peper is on the unrestrained
occupent. Information is presented on the magnitude and
types of injuries received from frontal interior components
and on how the performance of these components and the
vehicle structure affect the resultant injuries.

84-1599

The Role of the Side of the Motor Vehicle in Crash
Protection

A. Burgett and W, Brubaker

Natl. Highway Traffic Safety Admn., SAE Paper No.
820245 (SP513)

Key Words: Collision research (automotive)

Collision related injuries associated with the side of passenger
vehicles are a major part of the price of motor vehicle acci-
dents. Three methods for evaluating the crash-related safety
characteristics of the sides of motor vehicles are examined.
One method uses a fuli-scale crash test for the evaluation of
performance. A second method uses subsystem, or compo-
nent, tests and the third method relies on analytical pro-
cedures for the evaluation.

84-1600

Static and Dynamic Tests of Wheelchair Restraints
for Use in Public Service Vehicles

S.P.F. Petty and A.G. Chatfield

Transport and Road Res. Lab., Crowthorne, UK,
Rept. No. TRRL/LR-1087, 15 pp (1983)
PB84-142561

Key Words: Ssfety restraint systems, Wheelchairs, Testing
techniques, Dynamic tests
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Four types of basic wheelchair restraint design were tested.
These were: a webbing belt system adapted from a cargo
restraint design; strapping the wheelchair frame to steel rails
boited onto the floor and/or walls of the PSV; a clamp on
one side of the wheeichair and a separate webbing belt on
the other side, anchored to the opposite corner of the vsheel-
chair frame and mounted in the floor in an extruded alumi-
num alloy rail; a vertical clamp on each side of the wheelchair
frame attached to the floor; and an adjustable ‘A’ frame
placed at the back of the wheelchair in sockets in the vehicle
floor and roof. The static tests were carried out on a frame
which was used to load the restraints in the forward, side-
ways and rearward modes, with the wheel castors set for
forward wheeichair motion. The dynamic tests were carried
out on an impact sled, with a dummy seated in the chair.

84-1601

Wheelchair Restraint Systems, Dynamic Test Results
and the Development of Standards

E. Red, K. Hale, M. McDermott, and B. Mooring
Mech. Engrg. Dept., Texas A&M Univ., SAE Paper
No. 821161 (P-113)

Key Words: Automobiles, Safety restraint systems, impact
tests

Wheelchair restraint devices/systems have been developed to
restrain the wheelchair and provide the wheeichair occupant
some measure of protection in normal and abnormal (crash)
driving situations. The proliferations of these devices, some
of which afford minimal restraint to the wheeichair occu-
pant, led to the development of a program to test and evalu-
ate representative restraint devices currently being marketed.
This paper describes the progress that has been made in this
program to-date. Included are the descriptions of the test
facility, photographs of some of the actual impact tests and
the description of a new restraint system that is under
development.

84-1602

The Performance of Passenger Cars on Uneven Roads
(Fahrverhalten von Personenkraftwagen auf unebener
Strasee)

M. Mitschke

Institut f. Fahrzeugtechnik, Technische Universitat
Hans-Sommer-Strasse 4, 3300 Braunschweig, Auto-
mobiltech. Z., 85 (11), pp 695-698 (Nov 1983) 10
figs, 3 refs

{In German)

Key Words: Automobiles, Surface roughness, Tires

This article reports on findings from experiments on tire-
testing stands, driving on a circular track. The findings
from the tire experiments show that the curve of lateral
force due to slip angle flattens out as dynamic wheel load
increases. According to experiments done on a circular track,
the tendency to over/understeer changes on uneven roads.
Theoretical observations suggested that the tendency to
over/understeer is hardly changed when fluctuations in the
wheel load acting on front and rear wheels are nearly the
same,

84-1603

Modelling of the Fatigue Damage Processes of Bus
Frames

P. Michelberger, J. Ginsztler, A. Keresztes, and P.
Varlaki

The Technicat Univ., Budapest, H-1502, BP pf 91,
Hungary, Intl. J. Fatigue, 6 (2), pp 107-112 (Apr
1984) 12 figs, 6 refs

Key Words: Fatigue fife, Buses

A procedure for calculating the stress level intersection
numbers for a given model of a8 bus frame operating in a
steady-state mode is presented. Comparison of the calcu-
lated results with previous experimental dasta shows that the
proposed method of computation gives an accurate approxi-
mation of physical reelity. Knowledge of the stress level
intersection numbers permits designers to establish which
vehicle components are prone to fatigue failure.

84-1604

Acoustically Conspicuous Truck Trailers Individual
Noise-Generating Problem Areas - Part 2 (Auffilige
Nutzfshrzeug-Anhinger Einzelprobleme ihrer Ge-

riuschentwicklung - Teil 2)

S. Jékel

Automobiftech. Z., 85 (10), pp 625-631 (Oct 1983}
15 figs

{In German)

Key Words: Trucks, Trailers, Articulsted vehicles, Noise
generation

Part 1 of this study classifies the noise conditions typicat of
acoustically conspicuous truck trailers in road traffic in-
cluding the noise caused by the striking, rattling or squesking
of trailer parts. Part 2 covers some of the measurements and
findings applicable to unloaded trailers with leaf springs.
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84-1605

Steady and Transient Turning of Tractor-Semitrailer
and Truck-Trailer Combinations: A Linear Analysis
(Stationiir- und Ubergangsverhalten von Sattel und
Lastziigen bei der Kreisfahrt: Lineare Berechnungen)
F. Vik

Technical Institute of Bern, Obréncti miru 65, CS-
602 00 Brno, Czechoslovakia, Vehicle Syst. Dynam.,

12 (6), pp 331-350 (Dec 1983) 14 figs, 2 tables,

23 refs
{In German)

Key Words: Articulated vehicles, Ride dynamics

A simplified analysis is made of the yaw stability and control
of two types of commercial vehicle combinations (tractor-
semitrailer, truck-trailer) at a constant forward velocity
during steady and transient turning. The combined vehicle
is treated as a linear dynamic system. The steer angle at the
front wheels of the tractor (or truck) and the steady-state
responses of the road vehicle train (yaw rate, articulation
angles and sideslip angle) are calculated. Exploratory calcu-
lations are performed to determine the influence of the
cornering stiffness of the tires for the two types of the
vehicle combinations upon the steady-state responses.

84-1606

Basic Analytical Results for Lateral Stability of
Car/Trailer Systems

J.C. Huston and D.B. Johnson

lowa State Univ,, Ames, |A, SAE Paper No. 820136
(SP-509)

Key Words: Trucks, Articulated vehicles, Lateral response

Basic analytical results for car/trailer loteral stability are
developed. These results are validated by comparing critical
speeds predicted by the new analytical solution with those
obtained numerically using a standard eigenvalue technique.
General observations based upon the analytical results are
presented.

84-1607

Validation of Computer Prediction of Train Passby
Noise-Exposure Levels

J.M. Hague |1l

Buffalo, NY, ASME Paper No. 83-WA/NCA-6
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Key Words: Railroad trains, Noise prediction

The contribution of line-haul rail traffic to community noise
levels can be quantified by trains’ singie-event noise exposure
levels, Senel, at noise-sensitive wayside locations such as
residences. The cumulative effect of a day’s operations can
be assessed, under ICC guidelines, by the change in day-night
noise level, Ldn' associated with proposed changes in opera-
tions.

84-1608

Vibration Modes of a 70-Ton Boxcar

C.L. Orth and G. Kachadourian

Fed. Railroad Admn., Washington, DC 20590, J.
Engrg. Indus., Trans. ASME, 106 (1), pp 21-27 (Feb
1984) 18 figs, 4 tables, 4 refs

Key Words: Railroad cars, Freight cars, Experimental modal
analysis, Mode shapes

Vibration tests were performed on a 70-t boxcar both empty
and fully loaded, with two packaging configurations. Nine
vibration modes were identified: first roll, second roll, yaw,
bounce, pitch, body torsion, body bending, and two lading
modes. The effect of friction snubbing, gross weight, and
amplitude of motion input at the rails was determined. Test
results presented are a summary of modal frequencies, the
deflections associated with each mode and the range of fre-
quency variation.

84-1609

Stiffness and Friction Force Measurements on a
Freight Car Truck from Quasi-Static Tests

G. Kachadourian, C.L. Orth, and D.W. Inskeep

The MITRE Corp., J. Engrg. Indus., Trans. ASME,

106 (1), pp 16-20 (Feb 1984) 156 figs

Key Words: Vibration tests, Railroad cars, Freight cars,
Stiffness coefficients, Friction excitation, Experimental
data

A conventional three-piece truck with load sensitive friction
snubbing was tested as a complete assembly with its wheels
resting on a fixed section of reil and with foads -applied
through a fixture that duplicsted the body bolster at the
truck bolster interface. The purpose of the testing was to
determine the stiffness and friction forces of the truck under
vertical, lateral, and roll moment loading conditions. Loads
were varied to cover a range of car gross weight conditions.
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84-1610

Optimal Simple Span Lengths for Flexible Guideways
L. Minnetyan

Clarkson College of Tech., Potsdam, NY 13676,
ASCE J. Struc. Engrg., 110 (1), pp 138-153 (Jan
1984) 8 figs, 2 tables, 7 refs

Key Words: Interaction: vehicle-guideway

In the design of elevated vehicle/guideway systems seoveral
parameters play important roles in the dynamic performance.
The vehicle inertial and suspension properties, guideway mass
per unit length, span length, structural damping characteris-
tics and surface finish tolerances are important factors. The
two most important dynamic phenomena which require
accommodation in the system design are vehicle suspension
resonence and guideway beam resonance. A detailed dynamic
assessment of the optimum simply supported guideway span
length is presented. The effects of all parameters to the
system performance are examined and critical parametric
combinations are identified for a practical design example
of a vehicle/guideway system.

84-1611

Vehicle-Structure Interactions in Bridge Dynamics
E.C. Ting and M. Yener

Purdue Univ., West Lafayette, IN 47907, Shock Vib.
Dig., 15 (12), pp 3- (Dec 1983) 41 refs

Key Words: Interaction: vehicle-structure, Interaction:
vehicle-guideway, Bridges, Reviews

A grest amount of literature exists on dynamic interaction
problems concerning guideways and moving vehicles. Because
of the mathematical difficulties introduced by the coupling
terms in the behavioral governing differential equation, the
transverse inertia effect of a moving vehicle is often ne-
glected. With the improved availability of advanced computer
methods and facilities, it has becomne possible to take into
account the kinematics of the interaction problem, In this
article recent developments in analytical and numerical
spproaches for solving vehicle-guideway interaction problems
are discussed; related recent literature is cited. In addition,
recently relevant experimental developments are presented.

84-1612

Coupled Lateral Vibrations Between Rail and Rail-
way Vehicle’s Wheels. Part 1: Equations of Motion
of Rail and Its Characteristics

A, Sueoka, T. Ayabe, and H. Tamura
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Kyushu Univ., Hakozaki, Higashi-ku, Fukuoka-shi,
Japan, Bull. JSME, 26 (222), pp 2193-2199 (Dec
1983) 8 figs, 12 refs

Key Words: Interaction: rail-wheel, Coupled response,
Lateral vibration

A study on the coupled lateral vibration between the rail
and railway vehicle’s wheels is presented. The rail is modeled
as an infinitely long beam on an elastic foundation with two
springs with respect to lateral deflection and torsion. The
equations of motion describing a coupled vibration between
lateral deflection and torsion of rail are introduced. The
problems of lateral and vertical steady state vibration of
rails are formulated assuming that the contact point between
a wheel and a rail moves at constant speed. The mechanical
impedance and displacement function are obtained in order
to clarify the dynamic characteristics of the rail.

SHIPS

84-1613

Two-Dimensional Unsteady Planing Surface

M. Bessho and M. Komatsu

Natl. Defense Academy, Yokosuka, Japan, J. Ship
Res., 28 (1), pp 18-28 (Mar 1984) 5 figs, 22 refs

Key Words: Boats, Airfoils, Hydrodynamic excitation

The two-dimensional unsteady probiem of a flat planing
surface is analyzed based on airfoil theory. The analysis
trests the effect of time-varying wetted length on added mass
and damping coefficient. When the reduced frequency be-
comes very small, the change in wetted length approaches
displacement of the intersection of the planing surface
and the undisturbed water surface. In the limiting case of
zero frequency, the wetted length change reduces to zero.

84-1614

The Diffraction of Free-Surface Waves by a Slender
Ship

P.D. Sclavounos

Massachusetts Inst. of Tech., Cambridge, MA, J. Ship
Res., 28 (1), pp 29-47 (Mar 1984) 19 figs, 1 table,
31 refs

Key Words: Ships, Interaction: structure-fluid

A linear theory is presented for the scattering of small-
amplitude monochromatic and unidirectional free-surface
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waves by 8 ship fixed at its mesn advencing position. In an
inner region close to the ship the hull geometrical siender-
ness is used to justify a quasi-two-dimensional spproximation
of the flow. The method of matched asymptotic expansions
is then introduced to enforce the compstibility of the inner
solution with the thres-dimensions! solution in the far field.
The theory is shown to be uniformiy valid for all wavelengths
of practical interest and ail angles of wave incidence.

84-1615

A Numerical Solution of Two-Dimensional Deep
Water Wave-Body Problems

A. Nestegard and P.D. Sclavounos

Massachusetts Inst. of Tech., Cambridge, MA, J. Ship
Res.,_28 (1), pp 48-54 (Mar 1984) 13 figs, 14 refs

Key Words: Interaction: structure-fluid, Ships, Wave forces

A numerical technique is presented for the solution of deep
water linear and time-harmonic wavebody-interaction
problems in two dimensions. A mathematical boundary of
circular shape surrounding the body is introduced in the
fluid domain, thus defining two flow regions. A multipole
expansion valid in the outer region is then matched to an
integral representation of the solution in the inner region
which is obtained by applying Green’s theorem and by
using the fundamental logarithmic singularity as the Green
function. The method spplies both to surface-piercing
and submerged bodies. Numerical resuits are presented for
the forced oscillations of three surface-piercing ship-like
sections of regular shape.

AIRCRAFT
(Also see No. 1653)

84-1616

Helicopter Impulsive Noise: Theoretical and Experi-
mental Status

F.H. Schmitz and Y.H. Yu

NASA Ames Res. Ctr., Moffett Field, CA, Rept. No.
NASA-A-9477, NASA-TM-84390, USAAVRADCOM:-
TR-83-A-2, 105 pp {Nov 1983}

AD-A136 987

Key Words: Helicopter noise

The theoretical and experimental status of helicopter impul-
sive noise is reviewed. The two major source mechanisms of
helicopter impulisive noise sre sddressed: high-speed impul-

sive noise and blade-vortex interaction impulsive noiss. A
thorough physical explanation of both genersting mecha-
nisms is presented together with model and full-scale mea-
surements of the phenomena. Current theoretical prediction
methods sre compered with experimental findings of iso-
lated rotor tests.

84-1617

Rotor/Body Aerodynamic Interactions

M.D. Betzina, C.A. Smith, and P. Shinoda

NASA Ames Res. Ctr., Moffett Field, CA, Rept.
No. NASA-A-9500, NASA-TM-85844, 39 pp (Oct
1983)

AD-A135040

Key Words: Helicopters, Rotors, Propeller blades, Wind
tunnel testing, Aerodynamic loads

A wind-tunnel investigation was conducted in which inde-
pendent, steady-state aerodynamic forces and moments were
measured on a 2.24-m-diam, two-bladed helicopter rotor
and on several different bodies. The objective was to deter-
mine the mutual interaction effects for variations in velocity,
thrust, tip-path-plane angle of atteck, body angle of attack,
rotor/body position, and body geometry. This report pre-
tents the effects of various perameters on the interactions
and discusses the difficulties encountered in determining the
effect of the body on the rotor performance.

841618

Adaptive Inverse Control for Helicopter Vibration
Reduction

S.A. Jacklin

NASA Ames Res. Ctr., Moffett Field, CA, Rept. No.
NASA-TM-84336, 19 pp (Sept 1983)

N84-11177

Key Words: Helicopter vibration, Vibration control

The reduction or alleviation of helicopter vibration will
reduce meintenance requirements while at the same time
increste ride quality and helicopter relisbility. in forward
flight, the helicopter’s fuselage vibration spectrum tends to
be dominated by muitiples of the N/REV component. A
way to use the method of adaptive inverse control to iden-
tify, in resl-time, a controller capable of generating N/REV
vibration of opposite phase to cancel the uncontrolled
N/REV component is presented. Multicyclic festhering of
blade pitch is the control considered.
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84-1619

Shielding of Prop-Fan Cabin Noise by the Fuselage
Boundary Layer

D.B. Hanson

Hamilton Standard, Div. of United Technologies,
Windsor Locks, CT 06096, J. Sound Vib., 92 (4),
pp 591-598 (Feb 22, 1984) 6 figs, 16 refs

Key Words: Aircraft noise, Interior noise, Noise barriers

Recent flight tests of a prop-fan (advanced technology turbo-
prop) model mounted on a business aircraft revealed noise
levels on the fuselage surface considerably lower than was
expected from theoretical calculations and other test experi-
ence. In this paper the role of the fuselage boundary layer in
shielding the surface from noise via classical refraction effects
is examined.

84-1620

Influence of Physical and Air Traffic Conditions on
Aircraft Noise Emission to the Ground (Einfluss
der physikalischen und flugbetrieblichen Bedingungen
auf die Fluglaermimmission am Boden)

U. Issermann

Max-Planck-Inst. fuer Stroemungsforschung, Goet-
tingen, Fed. Rep. Germany, Rept. No. MPIS-11/
1982, 1SSN-0436-1199, 111 pp (Oct 1982)
N84-11159

(tn German)

Key Words: Aircraft noise

.

The dependence of form and size of aircraft noise zones on
the physical and air traffic conditions is investigated. The
acoustic quantities required to determine the equivalent
noise level are explasined. A method to calculate the noise
level curves is presented. The form of the noise spectrum
has s strong effect on the demping of the waves in the
stmosphere.

84-1621

Study of Noise Transmission through Double Wall
Aircrsft Windows

R. Vaicaitis

Modern Analysis, Inc., Ridgewood, NJ, Rept. No.
REPT-3, NASA-CR-172182, 93 pp (June 1983)
NB84-11884
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Key Words: Aircraft noise, Aircraft windows, interior noise

Analytical and experimental procedures were used to predict
the noise transmitted through double wall windows into the
cabin of a twin-engine G/A aircraft. The analytical model
was applied to optimize cabin noise through parametric
variation of the structural and acoustic parameters. The
parametric study includes mass addition, increase in plexi-
glass thickness, decrease in window size, increase in window
cavity depth, depressurization of the space between the two
window plates, replacement of the air cavity with a trans-
parent viscoelastic material, change in stiffness of the plexi-
glass material, and different absorptive materials for the
interior walls of the cabin.

84-1622

Relationship Between Static, Flight, and Simulated
Flight Jet Noise Measurements

R.S. McGowan and R.S. Larson

Pratt & Whitney Aircraft Group, East Hartford, CT,
AlAA J., 22 (4), pp 460-464 (Apr 1984) 3 figs, 13
refs

Key Words: Aircraft noise, Jet noise, Noise measurement

Jet noise data are acquired in three different forms: static,
flight, and simulated forward flight. Often data must be
transformed from one type to one of the other two. A
number of studies exist defining the relationship between
these three types of measurements. These studies are de-
ficient because they do not explicitly consider the jet noise
source characteristics or do not cleerly distinguish between
meen square pressure, power spactral density, and one-third
octave band sound pressure level measurements. In the
current study, the relationships between static, subsonic
flight, and subsonic simulated forward flight one-third
octave band sound pressure ievel measurements were defined.

84-1623

Numerical Simulation of Transonic Flutter of a High-
Aspect-Ratio

K. Isogai

Natl. Aerospace Lab., Tokyo, Japan, Rept. No.
NAL/TR-776T, 21 pp (Aug 1983)

PB84-135177

Key Words: Aircraft wings, Flutter, Numerical analysis,
Simulation

Numerical simulation of transonic flutter of a wind tunnel
flutter model of a high-aspectratio transport wing with
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ig) supercritical airfoil sections has been performed, by using 84-1626 R
<3 the computer c.ode USTF3 which soh{t?s th? l.ms.teady 3D f.ull Numerical Calculation of Unsteady Transonic Poten- ..-:._-'
p.ot.entia_l equation by a'two-step semi-implicit time marching tial Flow over Three-Dimensional Wings with Oscil-
t finite difference technique. In order to correct the mean lating Co 1 Surf -
% steady-state location and strength of the shock wave, a 2D atmg 'ntro aces ',-:,-
strip turbulent boundary layer technique has been incorpo- K. Isogai and K. Suetsugu :f..-‘
rated into USTF3. Natl. Aerospace Lab., Tokyo, Japan, AIAA J., 22 (4}, VA
\ pp 478-485 (Apr 1984) 8 figs, 23 refs N
\ Key Words: Aircraft wings, Aerodynamic loads
~.:z 84-1624 Numerical calculations of the unsteady transonic potentisl
:\': Active Suppmsgion of Aeroelastic Instabilities on a flow over threedimensional wings with oscillating control
k . Forward-Swept Wing surfaces are performed. For this purpose, a new grid system,
A T.E. Noll, F.E. Eastep, and R.A. Calico which is appropriate for solving the control surface problems,
Ry A.' .F T A ! T . P is introduced into the computer code USTF3, which solves
. ir Force Wright ?'O"a“t'ca' Labs., Wright-Patter- the unsteady three-dimensional full potential equation by 8
- son AFB, OH, J. Aircraft, 21 (3), pp 202-208 (Mar two-step semi-implicit time-marching technique. To validate
N 1984) 16 figs, 17 refs the code, the unsteady pressure distributions on the NLR
! swept tapered wing with an inboard control surface and on
¥ . .
\.l Key Words: Aircraft wings, Active vibration control, Wing the RAE swept tapered wing w'fh a part-span cfm.trol surfa.ce
Y stores are calculated and compared with those of existing theories
X § and experimental data.
Wt
( g Analytical studies were conducted to investigate the poten-
3 tial of using feedback control systems for preventing multiple
_.)-:“ aeroelastic instabilities occurring simultaneously in close
Lo proximity on a forward-swept wing configuration. With the

addition of wing mounted external stores, the classical
bending/torsion flutter instability can be driven to lower
airspeeds into the vicinity of aeroelastic instabilities such as
divergence and body freedom flutter more commonly associ-
ated with a forward-swept wing. For these studies a typical

84-1627

A Method for Predicting Low-Speed Aerodynamic
Characteristics of Transport Aircraft

L.E. Murillo and J.H. McMasters

~).3 forward-swept wing configuration, adversely mass balanced Boeing Commercial Airplane Co., Seattle, WA, J. Y
A to create dynamic charact?nstlc.s similar to those caused by Aircraft, 21 (3), pp 168-174 {Mar 1984) 12 figs, o
2 adding external stores, was investigated. 4 refs .:_-,:,
£ '_-‘_~
¥ A :. -
'."4 Key Words: Aircraft, Aerodynamic loads, Computer pro- N
grams e
: 84-1625 . . A preliminary design level methodology for predictirg the . ,
*"’n Aerodynamic Characteristics, Including Effect of global aerodynamic characteristics of transport aircraft in
a7 Body Shape, of a Mach 6 Aircraft Concept low-speed/high-lift configurations has been developed, based Ry
ﬂ G.D. Riebe on recent advances in computational aerodynemics and B
e NASA Langley Res. Ctr., Hampton, VA, Rept. No, ~ ralvels methods. The new methaod involves two economice . “%
user oriented, computer programs. One, an advanc ting- X
[N L-15675, NASA-TP-2235, 32 pp (Dec 1983) surface theory for the potential flow analysis of swept-wing/ S
N84-13164 body combinations with multi-element high-lift devices, N
A provides the basic theoretical structure. The second program ooy
- ’ _l
|h Key Words: Aerodynamic loads, Geometric effects, Aircraft combines potential flow analysis results with available data -"_p\_-
3 L from previous airplane models to predict the performance of ::.':.
{b Longitudinal serodynamic characteristics fcr a hydrogen- new designs. —*:é-'j
fueled hypersonic transport concept at Mach 6 are presented. [
< The model components consist of four bodies with identical . ~_'.i
N longitudinal ares distributions but different cross-sectional
~ shapes and widths, a wing, horizontal and vertical tails, and
‘4 8 set of wing-mounted nacelles simulated by slid bodies on 84-1628
4: N the wing upper surface. Lift-drag ratios were found to be - .. .
) only slightly affected by fuselage planform width or cross Gust Alleviation (Boenabminderung)
K sectionsl shape, G. Bruening
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Lehrstuhl fuer Flugmechanik und Flugregelung,
Technische Univ., Munich, Fed. Rep. Germany,
167 pp (1983}

N84-11180

(In German})

Key Words: Aircraft, Wind-induced excitation

Gust alleviation concepts were studied numerically on a
Boeing 707 aircraft with autopilot. Stochastic gust processes
were studied in the frequency domain. The calculations
show that the best solution is the control of the pitch posi-
tion and the pitch velocity by using the autopilot mode
pitch-hoid. It is shown that additional control systems
(e.g. transverse control) can substantially reduce disturbance.

84-1629

Crashworthy Cyclic Control Stick

D.K. Eisentraut and R.E. Zimmerman

Simula, Inc., Tempe, AZ, Rept. No. TR-83412,
USAAVRADCOM-TR-83-D-23, 78 pp (Nov 1983)
AD-A135 150

Key Words: Crash research (aircraft), Helicopters

In helicopter crashes, a potential source of injury is crew-
member impact with the cyclic control stick. This program
sought to slleviate that hazard through the development of
a crashworthy cyclic controi stick retrofittable to the UH-
60A Blsck Hawk and AH-1S Cobra helicopters. Concepts
examined for this application included those employing
frangible, deformable, telescoping, collapsing, and separating
sticks, as well as the cutters, The selected design was a slip
joint separating stick, with an energy absorber, activated by
crewmember impect. Four prototypes were fabricated and
tested, both statically and dynamically.

84-1630

Structural Response of Transport Airplanes in Crash
Situations

R.G. Thomson and C, Caiafa

Fed. Aviation Admn. Technical Ctr., Atlantic City,
NJ, Rept. No. DOT/FAA/CT-83/42, NASA-TM-
85654, 123 pp (Nov 1983}

AD-A135 884

Key Words: Crash research (aircraft], Crashworthiness

This report highlights the resuits of contractural studies
of transport accident data undertaken in a joint reseerch

program sponsored by the FAA and NASA, From these
accident data studies it was concfuded that the greatest
potential for improved transport crashworthiness is in the
reduction of fire related fatalities. Accident data pertaining
to fuselage integrity, main landing gear collapse, fuel tank
rupture, wing breeks, teering of tank lower surfaces, and
engine pod scrubbing are discussed.

84-1631

Vertical Drop Test of a Transport Fuselage Center
Section Including the Wheel Wells

M.S. Williams and R.J. Hayduk

NASA Langley Res. Ctr., Hampton, VA, Rept. No.
NASA-TM-85706, 59 pp (Oct 1983)

N84-12531

Key Words: Aircraft, Dynamic tests, Drop tests {impact tests)

A Boeing 707 fuselage section was drop tested to measure
structural, seat, and anthropomorphic dummy response to
vertical crash loads. The specimen had nominally zero pitch,
roll and yaw at impact with a sink speed of 20 ft/sec. Results
from this drop test and other drop tests of different transport
sections will be used to prepare for a full-scale crath test of
a B-720.

MISSILES AND SPACECRAFT

84-1632

Effect of Mass and Stiffness Changes on the Damping
Factor in a Large Space Structure as Represented by
the CSDL 2 Model

D.E. Oisen

School of Engrg., Air Force Inst. of Tech., Wright-
Patterson AFB, OH, Rept. No. AFIT/GSO/AA/
83D-2, 132 pp (Dec 1983)

AD-A136 984

Key Words: Spscecraft equipment, Damping coefficients

This investigation wes undertaken to determine the sensi-
tivity of the damping factor in s large space structure (LSS)
to smafl changes in nonstructursi mass and structural element
stiffness. Revision 3 of the ACOSS 2 model, developed by
the Charles Stark Drapes Laboratory, inc. was used 8s the
model of the LSS. Various combinations of the mirror
masses in this large space telescope were veried by up to 10%,
selected structural elements were stiffened by increasing their
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cross-sectional aress by 10 and 50%, and, finally, two struc-
tural elements in the middle of the telescope were stiffened

Key Words: Industrial facilities, Low frequencies, Noise
generation, Human response

XXX

to represent the addition of a lumped mass located away
from the control system sensors and actuators. A control
system of 21 collocated sensors and actuators, positioned
at the top and bottom of the telescope, was used in this
analysis. The analysis was accomplished using NASTRAN
for the finite element analysis, and, after selecting certain

Over recent years, it has become apparent that fow frequency
noise annoyance is more widespread than originally believed.
Annoyance has occurred where the emitted noise is unbal-
anced towards the low frequencies even though the dB(A)
level has been low. Following laboratory experiments carried

[ W WO 3

vibration modes for further study, the complex conjugate
pairs used to determine the damping factors were caliculated.

out as part of an investigation into low frequency annoyance
combined with field annoyance data, the low frequency
noise rating curves are proposed for the assessment of low
frequency noise annoyance complaints.
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84-1635

Patterns of Behaviour in Dwellings Exposed to Road
Traffic Noise

J. Lambert, F. Simonnet, and M. Vallet

{nstitut de Recherche des Transports, Centre d'Evalu-
ation et de Recherche des Nuisances et de |'Energie,
109 Avenue Salvador Allende, 69500 Bron, France,
J. Sound Vib., 92 (2), pp 159-172 (Jan 22, 1984)
9 figs, 4 tables, 16 refs
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84-1633

Thresholds of Perception of Vibration in Recumbent
Men

T. Miwa, Y. Yonekawa, and K. Kanada

Dept. of Human Environmental Engrg., Natl. Inst.
of Industrial Health, 21, Nagao, 6 Chome Tama-Ku,
Kawasaki (214) Japan, J. Acoust. Soc. Amer., 75 (3),
pp 849-854 (Mar 1984) 6 figs, 14 refs

£

-

Key Words: Buildings, Traffic noise, Human response

An inquiry involving a total of 1500 subjects residing in 15
different sites in the conurbations of Lyon and Marseilles
was carried out in 1979 with a view to determining the
behaviour and attitudes of people with regard to traffic noise.
The main purpose of the inquiry was to identify the objec-
tive reactions to the traffic noise and to determine how such
reactions varied with the noise level, with account taken of
the socio-economic characteristics of the subjects (age,
income, owner occupier or tenant, etc.).

PN

"

Key Words: Vibration excitation, Human response

The thresholds of perception of vibration by recumbent men
are a significant index for the governmental agency con-
cerned with regulation of vibration exposure. The thresholds
of perception of continuous sinusoidal vibrations and single
and multiple bursts of sinusoidal vibrations in the horizontal
and vertical directions were investigated in recumbent men.
It was found that the threshold curves, as a function of the
frequency, had different characteristics for vertical vibrations
than for horizontal vibrations in the recumbent position.
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84-1636

Dynamic Response of the Human Thorax When
Subjected to Frontal Impact

K.H. Digges

Dept. of Engrg. Science, Oxford Univ., UK, Rept.
No. OUEL-1453/83, 39 pp (1983)

PB84-136910
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84-1634

Low Frequency Noise Annoyance Assessment by
Low Frequency Noise Rating (LFNR) Curves

N. Broner and H.G. Leventhall

Vipac & Partners Pty Ltd., 30-32 Clarement St.,
South Yarra, Victoria, Australia 3141, J. Low Fre-
quency Noise Vib.,_2 (1), pp 20-28 (1983) 6 figs,
2 tables, 47 refs
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Key Words: Collision research (automotive), Impact tests,
Human response
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The purpose of this report is to document a model of the
human thorax which has been used on a VAX-2 computer,
and to present some typical results produced by the model.
The model uses physical parameters based upon tests re-
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N ported in the literature. The test specimens include human
4,#‘. cadavers, living human volunmeers, and living and dead
I . swine.
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v ) 84-1637
b

Mathematical Model of the Human Thorax When
Subjected to Frontal Impact During an Automobile

°%

x%} Crash

R K.H. Digges

ot Oxford Univ., UK, Rept. No. OUEL-1454/83, 40 pp
i {Mar 1983)

{i ‘Y PB84-137173

P q Key Words: Collision research (automotive}, Impact tests,
XS Human response, Mathematical models

> £ The purpose of this report is to document a model of the
e, human thorax in an sutomobile crash which has been used
et ;; on a VAX-2 computer and to present some typical results
‘ he produced by the model. The model uses physical paramaeters
X -.ﬁ&’ based upon tests reported in the literature. Tests to develop
'_; *.x' the characteristics of the human thorax have been reported.
':'“ : The present report summarizes tests of automobiles to

determine the engineering properties of vehicle interior.
f These test results, along with crash tests of complete vehicles,
are used to model the vehicle interior and the crash accelera-
tion pulse of the vehicle.

84-1638

Effects of Rear Seat Passengers on Front Seat Occu-
, pants in Frontal Impacts

il A. K. Roberts

ey Transport and Road Res. Lab., Crowthorne, UK,
_ f—‘ Rept. No. TRRL/LR-1079, 30 pp (1983}

" PB84-137991

PPN

Key Words: Collision research (automotive), Impect tests,
Human response

J @ R

This report describes a series of 50 km/hr frontal impact
tests carried out in an estste car body shell on the TRRL
impact test rig. The aim of the study was to determine
the effect of a rear unrestrained adult passenger on a re-
strained front seat occupent and to estimate the magnitude
of any effect. The importance of occupant restraint is clearly
demonstrated.
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MECHANICAL COMPONENTS

ABSORBERS AND ISOLATORS
(Also see No. 1872)

84-1639

Energy Transformation by Passenger Cars During
Frontal Collisions (Energiecumsetzung von Personen-
kraftwagen beim Frontalaufprall)

M. Rauser and M. Grossmann

Automobiltech. Z., 85 {9), pp 553-5569 (Sept 1983)
9 figs, 10 refs

{Iin German)

Key Words: Energy absorption, Collision reseerch (automo-
tive)

In order to obtain a quantitative description of the energy
absorbed by vehicles with front engines and rear-wheel drive
during a frontal crash, tests were performed at a research
and development center using production cars, modified
vehicles and subassemblies. According to the energy balance
obtained by means of a two-mass model, the kinetic snergy
released during a frontal collision at 50 km/h is absorbed by
the front structurs (79%), by the drive unit (12%), and by
the fire well {9%). The energy absorbed by the front struc-
ture is distributed as follows: 72% by the longitudinal mem-
bers, 23% by the wheelhousings, and 5% by the fenders.
Based on these findings, crush tests can be performed with
body subassemblies in order to determine the respective
energy absorption capecities to be expected during a dy-
namic crash and thus to give approximate consideration to
occupant protection at a very early stage of body develop-
ment.

84-1640

Tunable Damper for an Acoustic Wave Guide

S.C. Rogers

Dept. of Energy, Washington, DC, U.S. Patent Appli-
cation No. 6-435 797, 14 pp (Oct 1982)
DE83018015

Key Words: Dynamic vibration sbsorption (equipment),
Sound waves, Waveguide analysis

A damper for tunably demping acoustic waves in an ultre-
sonic waveguide is provided which may be used in » hostile
environment such as a8 nuciesr reactor. The sres of the
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waveguide, which may be a selected size metal rod in which
acoustic waves are to be dsmped, is wrapped, or surrounded,
by a mass of stainless steel wool. The wool wrapped portion
is then sandwiched between tuning piates, which may also be
stainless steel, by means of clamping screws which may be
adjusted to change the clamping force of the ssndwiched
assembly along the waveguide section.

84-1641

Analysis of Limit Cycle Oscillations in a Magnetic
Suspension System Using the Describing Function
Method

L.O. Kehinde

Univ. of ife, lle-Ife, Nigeria, Intl. J. Engrg. Sci., 22

(4), pp 419-437 (1984) 14 figs, 5 refs

Key Words: Magnetic suspension techniques

This paper presents an analysis of limit cycle oscillations
observed in a magnetic suspension system which utilizes
an optical trensducer. Stability conditions for certain non-
linearities are obtained using the describing function ap-
proach and these conditions are later verified by the stability
criterion of Gelb and Van der Velde in the saturation non-
linearity.

84-1642

Semi-Active Control of Wheel Hop in Ground Ve-
hicles

D.L. Margolis

Univ. of California, Davis, CA 95616, Vehicle Syst.
Dynam., 12 (6), pp 317-330 (Dec 1983) 10 figs,
7 refs

Key Words: Suspension systems (vehicles), Active isolation

A two degree-of-fresdom vehicie model is developed which
incorporstes pessive, active, and semi-active secondary sus-
pensions. The model is used to demonstrate the trade-offs
which are inherent in attempting to provide desirable sprung
weight isolation while at the same time controlling unsprung
weight motions. A linesr model is used first in order to com-
pere pessive and active suspensions in an analytically under-
standeble configuration. The ssmi-active suspension is in-
herently nonlinesr and is compered to the others through
computer simulstion.
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84-1643
Auto and Truck Suspension Systems. June, 1970 -

November 1983 (Citations from the Engineering

Index Data Base)
NTIS, Springfield, VA, 175 pp (Nov 1983}
PB84-853274

Key Words: Suspension systems (vehicles), Automobiles,
Trucks, Bibliographies, Fatigue life

This bibliography contains 282 citations concerning the
effect of suspension systems on the performance of motor
vehicles. Topics include shock absorbers, steering stability,
and load leveling, as well as the characteristics of both leaf
and coil springs. Materials considerations such as fatigue and
wear are also discussed.

84-1644

Modal Analysis of Rigid Bodies Supported by Low
Frequency Pneumatic Vibration Isolators

H.D. Sigel and G.C.Pardoen

Newport Corp., SAE Paper No. 821481 (SP-529)

Key Words: Modal analysis, tsolators, Frequency response

Classical techniques for determining accurate frequencies
and modes of a rigid body supported by pneumatic vibration
isofation mounts were deemed unsatisfactory. It was found
that the isolator’s transfer functions were nonlinear and
exhibited frequency dependent stiffness and damping charac-
teristics. To overcome these shortcomings a computer model
of the isolator’s frequency response was developed by curve
fitting a Laplace polynomial to the experimentally derived
transfer functions. By mathematically combining the iso-
lator’s response characteristics with a variety of rigid bodies
the total system’s performance under a number of laboratory
configurations could be efficiently predicted.

84-1645

How to Select Power-Train Isolators for Good Perfor-
mance and Long Service Life

R. Racca, Sr.

Barry Controls/a Unit of Barry Wright Corp., SAE
Paper No. 821095

Key Words: Isolators, Elastomers, Driveline vibrations

This paper presents those factors that must be considered in
selecting elastomeric isolators for power-train applications in
order to develop an isolstion system that will be both effec-
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‘,{, tive and provide sufficient service life. Those factors include
d ~.:_~ the dynamic modes that are the most disturbing, support
e ) structure requirements, isolator location and orientation,
{ the advantage of decoupled modes, stability considerations,

o environmental factors, factors that affect fatigue life, and

N :; analysis procedure.
)
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V) 84-1646
; -‘ An Adaptive Controller for Multivariable Active
Ty Noise Control
; -..: A.D. White and D.G. Cooper

t‘ The Plessey Co., Plessey Marine Res. Unit, Wilkin-
2 throop House, Templecombe, Somerset, UK, Appl.

Acoust., 17 {2}, pp 99-109 (1984) 7 figs, 1 table

-

Key Words: Rotating machinery, Active noise control, Vi-
bration control

3,

y-

i

The control of vibration through the mounts of rotating
machines can be achieved by actively generating cancelling
forces from shakers located close to the mounts. The can-
celling waveforms cannot simply be an anti-phase copy of
the original waveform as each shaker affects the vibration
at mounts other than the one at which it is cancelling. This
paper describes an approach to this multivariable control

il

Ly

Ll
4..4."

‘l!‘- problem which measures all shaker to sensor transfer func-
j"“ tions to give a shaker transfer function matrix, M{f).
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N 84-1647

b o The Arrangement of Sound Absorbers for Noise
Dl Reduction - Re-ults of Model Experiments at 1:16
j’;’! } Scale

o R.J. Oriowski

:“: Dept. of Architecture, Univ. of Cambridge, 1 Scroope
;‘ Terrace, Trumpington St., Cambridge CB2 1PX, UK,
s:é:‘; Noise Control Engrg. J., 22 (2), pp 54-60 {Mar/Apr
‘f » 1984) 16 figs, 5 refs

¥ . i . .

‘a’:: Key Words: Industrial facilities, Noise reduction, Sound
¥ a4 waves, Wave absorption, Absorbers (materiais), Porous mate-
{ v rials

WO

a A widespread method for reducing noise in factories is the

use of arrays of functional absorbers suspended above the
working area. A series of experiments was conducted at
‘ model-scale (1:16) on various arrangements of. absorbers.
(] Dsta were collected for use in an investigation of the effec-
' tiveness of such noise control techniques in factories. While
; the experimentation was done at model-scale, the data ob-
tained are directly applicable to full-scale conditions and
[4hl) therefore of potential interest to noise control engineers.
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84-1648

Baffle-Type Cooling System: a Case Study

Y.S. Wang and J.W. Sullivan

Outboard Marine Corp, 300 Sea-Horse Dr., Wau-
kegan, 1L 60085, Noise Control Engrg. J., 22 (2}, pp
61-67 (Mar/Apr 1984) 14 figs, 1 table, 9 refs

Key Words: Baffles, Coding systems, Noise reduction

An investigation was made of a baffle-type cooling system.
The baffle acts not only to cool the machine, but also as a
noise control feature, blocking the sound radiating from the
machine. A theoretical model is presented in this paper to
assist in determining optimal baffle location and absorption
material used in the baffle system for both cooling efficiency
and noise reduction. The case of a portable air compressor
is evaluated.

SPRINGS
(Also see No. 1691}

84-1649

Developments in Spring Testing

J.R. Ellis

Eliis Kirkaldy Engineering Ltd., Chart. Mech. Engr.,
31 (3), pp 49-51 (Mar 1984) 4 figs

Key Words: Helical springs, Springs, Testing techniques

A new concept in the automatic testing of helical compres-
sion and tension springs is described. The system’s basic
elements are: mechanical assembly for compressing/extend-
ing springs; measuring elements for force, length and time;
driving unit; interface between a, b, ¢, and the computer;
computer hardware; software for operating and analysis of
tests, and special tools.

TIRES AND WHEELS
(Also see No. 1602)

84-1650

Railway Wheel Squeal (2nd Report, Mechanism of
Specific Squeal Frequency)

M. Nakai, Y. Chiba, and M. Yokoi

Kyoto Univ., Yoshida-honmachi, Sakyo-ku, Kyoto,
Japan, Buil. JSME, 27 (224}, pp 301-308 (Feb 1984)
10 figs, 6 tables, 7 refs
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Key Words: Wheels, Railway wheels, Noise generation

The mechanism of specific squeal frequency was investigated
using an apperatus consisting of a steel rod and a thin steel
disk. Squeals of higher modes occur in large rods. Squeal is
generated at specific contact positions on a rod. From the
theoretical results, it was found that a squeal of the frequen-
cy nesr the contact frequency of the rod and disk occurs.

84-1651

Study on the Mechanism of Noise Generation of
Railway Wheel and Its Countermeasure (5th Report,
Flexural Vibration and Noise of a Spoke Type
Wheel)

H. Matsuhisa, T. Hasegawa, and S. Sato

Kyoto Univ., Sakyo-ku, Kyoto, Japan, Bull. JSME,
27 (224), pp 295-300 (Feb 1984) 14 figs, 3 tables,
7 refs

Key Words: Wheels, Railway wheels, Noise generation,

Flexural vibration

display. The first mode is a real-time mode that displays
only gross blade characteristics, such as maximum deflec-
tions and standing waves. This mode is used to aid the
operator in determining when to colfect detailed blade vibra-
tion data. The second mode of operation is a post-processing
mode that will animate the actual blade vibrations using the
detailed data collected on an esrlier data collection run. The
operator can vary the rate of payback to view differing
characteristics of blade vibrations.

84-1653

Investigation of the Effect of Blade Sweep on Rotor
Vibratory Loads

F.J. Tarzanin, Jr. and R.R. Vlaminck

Boeing Vertol Co., Philadelphia, PA, Rept. No.
NASA-CR-166526, 134 pp (Oct 1983)

AD-A135603

Key Words: Propeller blades, Helicopters, Geometric effects,
Vibratory stresses
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The effect of helicopter rotor blade planform sweep on . e
The noise of a train running over sharp curves is mainly rotor vibratory hub, blade, and control system loads has been N
caused by flexural vibration of the wheels. Characteristics analytically investigated. The importance of sweep angle, _:,,_
of the noise radistion of the spoke type wheel is experi- sweep initiation radius, flap bending stiffness and torsion ;.--:\
mentally investigated, and it is found that the noise gen- bending stiffness is discussed. The mechanism by which Py
erated by spoke type wheel is considerably less than that sweep influences the vibratory hub loads is investigated. -
i of the web type whesl, In this analysis the wheel is assumed \-&#
o L% to be an annular Mindlin plate which is elastically supported ‘- .
::,, by springs which simulate the spokes. :_.-:
Lot \::\‘
7 et LYY
4 \
- 84-1654
" BLADES Time Domain Analysis of a Rigid Two-Bladed Fully
}% {Also see Nos. 1564, 1861) Gimballed Helicopter Rotor with Circulation Control
a‘;: Y P.S. Montana
4;3; David W. Taylor Naval Ship Res. and Dev. Ctr.,
~;»{“ 84-1652 Bethesda, MD, Rept. No. DTNSRDC-83/081, AERO-
Ny
' Graphics Subsystem Retrofit Design for the Bladed- 1282, 88 pp (Dec 1983)
o Disk Data Acquisition System AD-A136 947
A R.R. Carney
b NASA Lewis Res. Ctr., Cleveland, OH, Rept. No Key Words: Propelier blades, Helicopters, Time domain
‘ . . . , . . hod
o E-1760, NASA-TM-83510, 74 pp (Jan 1983) metho
R~ N84-12730
o Y An analytic investigation was made to determine the dynemic
properties of a two-bladed rigid fully gimbalied helicopter
<t Key Words: Bledes, Propeller blades, Vibration recording, rotor incorporating circulation control airfoils and tip jet
(¥ ] Deta recorders, Graphic methods propulsion. A time domain analysis was developed which
: provided the capability of using nonlinesr airfoil aerody-
:q’ A graphics subsystem retrofit design for the turbojet blade namics and arbitrary rotor physical characteristics. The
-.lI vibration data acquisition system is presented. The graphics effects of feather principal axis of inertia location, horizontal
) subsystem will operate in two modes permitting the system gust disturbances, and feedback control on rotor stability
rs operstor to view blade vibrations on an oscilloscope type of were assessed.
o
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84-1655

Theoretical and Experimental Dynamic Stall Investi-
gations on a Rotor Blade Tip

W, Geissler

Deutsche Forschungs- und Versuchsanstaft f. Luft-
und Raumfahrt e.V., Freiburg im Breisgau, Fed. Rep.
Germany, 6 pp (1982) (Pres. at Symp. on Numerica)
and Physical Aspects of Aerodynamic Flows (2nd),
Jan 17-20, 1983, California State Univ., Long Beach,
CA)

AD-P001 950

Key Words: Blades, Propeller blades, ‘Aerodynamic foads

Theoretical and experimental investigations have been
carried out on oscillating blade tips at moderate and high
steady main incidences and oscillation amplitudes. Some
selected data of these tests are compared with a previously
developed prediction method based on potential theory to
investigate the main effects of viscosity in different domains
of dynamic stall. A simple correction procedure is described
to take into account the main effects of viscosity on the
unsteady airloads. To get a more detailed insight into the
beginning of unsteady separation on oscillatng profiles a
finite-difference procedure has been developed 1o calcu-
late the unsteady boundary-layer equations. This method
has been applied to the oscillating flat plate problem as a
first step.

84-1656

Holographic Interferometry Technique for Measuring
Transonic Flow Near a Rotor Blade

J.K. Kittieson

NASA Ames Res. Ctr., Moffett Field, CA, Rept. No.
NASA-A-9432, NASA-TM-84405, USAAVRADCOM-
TR-83-A-10, 24 pp (Aug 1983)

AD-A134 040

Key Words: Blades, Propeller blades, Helicopters, Interfero-
metric techniques, Holographic techniques

A technique that uses holographic interferometry to record
the first interferograms of the flow near a hovering transonic
rotor blade is presented. A puised ruby laser is used to record
interferograms of a 2-ft-diam field of view near a rotor tip
aopersting at s tip Mach number of 0.09. Several interfero-
grams, recorded slong planes perpendicular to the rotor’s
tip-path-plane st verious azimutha! angles around the flow,
sre presented. These interferograms yield quantitative infor-
maetion sbout shock structure and location, flow separation,
snd radisted noise that will help helicopter researchers
understand the complexities of the flow around high-speed
rotor blades and thus improve performance and reduce noise.
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84-1657

Finite Element Dynamic Analysis of a Rotating
Turbine Blade

H.T. Belek and A. Tamura

Istanbul Technical Univ., Turkey, ASME-83-GTJ-22

Key Words: Blades, Turbine blades, Rotating structures,
Finite element technique

A finite element dynamic analysis of a rotating turbine blade
is performed using the isoparametric shell elements. The
number of Gauss integration points on the element surface
along the natural coordinate directions is varied and the
effects on the natural frequencies is investigated. Hence the
optimum Gauss integration order is determined.

84-1658

Flexible Conformable Clamps for a Machining Cell
with Applications to Turbine Blade Machining

E. Kurokawa

Robotics Inst., Carnegie-Mellon Univ., Pittsburgh, PA,
Rept. No. CMU-RI-1R-83-16, 34 pp (May 1983)
AD-A134 942

Key Words: Blades, Turbine blades, Natural frequencies

A fiexibie, conformable clamping scheme for & steam turbine
blade machining cell is discussed. Experiments that have been
carried out to investigate the clamping efficiency of this
novel design are algo described. Flexible fixtures for turbine
blade machining have been developed and instslied to demon-
strate the reduction of human intervention for workpiece
setup in a laboratory. The key features of the clamp design
and the cell configuration are described. The theory of
vibration is reviewed and the experimental resuits of damped
natural frequencies of the clamped blade are presented.

84-1659

Effects of Static Friction on the Forced Response of
Frictionally Damped Turbine Blades

A. Sinha and J.H. Griffin

Carnegie-Mellon Univ., Pittsburgh, PA 15213, J.
Engrg. Gas Turbines Power, Trans. ASME, 106 (1),
pp 65-69 (Jan 1984) 9 figs, 13 refs

Key Words: Coulomb friction, Blades,
Damped structures

Turbine blades,

The effect of static friction on the design of flexible blade-
to-ground vibration dampers used in gas turbine engines is

'\ Y ‘. \ - '-o_,*-'
-‘.l

Al T

ITrTITYT
LI N - "




investigated. Analytical results are compared with those from
the conventional numerical time integration method. In
addition, an efficient time integration algorithm is described
which can be used to predict the pesk displacements of the
transition solution without tracing the whole waveform, a
useful procedure when no harmonic steady-state solution
exists. The conditions under which blade response can be
adequately modeled by simulating only dynamic friction are
established.

84-1660

Growian-Rotorblades: Production Development, Con-
struction and Test

H.M. Thiele

Bundesministerium fuer Forschung und Technologie,
Bonn-Bad Godesberg, Fed. Rep. Germany, Rept. No.
BMFT-FB-T-83-111, 76 pp (June 1983}

DE83751247

(In German)

Key Words: Rotor blades {turbomachinery), Turbine blades,
Vibration tests, Qualification tests

This project deals with the development and construction
of the 50 m rotor blades of the 3 MW Growian-Windturbine.
The design concept shows a load carrying untwisted steel
spar and a GFRP-skin which leads the aerodynamic forces
into the spar. After construction of a test blade static loading
tests and a dynamic vibration test were performed. Fatigue
tests at critical weldings as well as at the connection between
spar and panel were also performed.

84-1661

Measurements of Self-Excited Rotor-Blade Vibrations
Using Optical Displacements

A.P. Kurkov

NASA Lewis Res. Ctr.,, Cleveland, OH 44135, J.
Engrg. Gas Turbines Power, Trans. ASME, 106 (1),
pp 44-49 (Jan 1984) 13 figs, 7 refs

Key Words: Blades, Fan biades, Flutter

During the operstion of a turbofan engine at part speed,
near wtall, and elevated inlet pressure and temperature, several
vibratory instabilities were excited simultaneously on the
first fan rotor. The torsional and bending contributions to
the mein flutter mode were resolved by using casing-mounted
optical displacement sensors. Strain-gage spectra were used to
identify other instabilities in the blade-deflection spectra.
The cheracteristics of opticsl-displecement spectrs and their
role of monitoring rotor-blade vibrations are discuseed.
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84-1662

Structural Response Due to Blade Vane Interaction
R.L. Jay, J.C. MacBain, and D.W. Burns

Detroit Diesel Allison Div. of General Motors, India-
napolis, IN 46206, J. Engrg. Gas Turbines Power,
Trans. ASME, 106 (1), pp 50-56 (Jan 1984) 17 figs,
4 refs

Key Words: Blades, Vanes, Disks, Turbomachinery, Experi-
mental data, Interaction: rotor-stator

The structurel response of a bladed turbine disk due to
excitation from an upstream stator row was meesured using
strain gages. Rig testing performed in a realistic aerodynamic
environment was preceded by a static vibratory search in
which individual blade frequencies and system modes were
identified by strain response and holography. In the rig
testing special emphasis was placed on identifying the dy-
namic response resuiting from the interaction between the
vanes and blades. An analytical description of the forcing
function which results from the difference between the
number of blades and the number of vanes is presented and
correlated with detailed blade responses both in terms of
amplitude and interblade phasing.

84-1663

Acoustic Resonances and Blade Vibration in Axial
Flow Compressors

R. Parker

Univ. College of Swansea, Singleton Park, Swansea
SA2 8PP, Wales, J. Sound Vib., 92 (4). pp 529-539
{Feb 22, 1984) 7 figs, 10 refs

Key Words: Blades, Compressor biades, Acoustic excitation,
Resonant response

A study is made of the conditions in which vibration of the
blsdes of an axial flow compressor can be excited by acoustic
resonances of the annulus. Such resonances can be generated
by stalled blade rows snd therefore occur during part spsed
operation.

84-1664

Blade Vibration Measurements on Centrifugal Com-
pressors by Means of Telemetry and Holographic
Interferometry

U. Haupt and M. Rautenberg

Univ. of Hannover, Hannover, W. Germany, J. Engrg.
Gas Turbines Power, Trans. ASME, 106 (1), pp 70-78
(Jan 1984) 24 figs, 4 refs
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Key Words: Biades, Compressor blades, Centrifugal com-
pressors, Vibration messurement, Telemetry, Holographic
techniques, Interferometric techniques

Blade vibration measurements were carried out on a high-
pressure, high mass-flow centrifugal compressor to determine
the excitation mechanism. For the experimental investiga-
tion, semiconductor strain gages with a muitichannel telem-
etry system were used. The meeasuring points on the blades
were chosen using the resuits of a stress calculation for the

Key Words: Blades, Variable cross section, Shells, Natural
frequencies, Mode shapes, Ritz method

A procedure for analyzing the vibrations of rotating turbo-
machinery blades has been previously developed. This pro-
cedure is based upon shallow shell theory, and utilizes the
Ritz method to determine frequencies and mode shapes.
However, it has been limited heretofore to blades of uniform
thickness, uniform curvature, and/or twist and rectangular
planform. The present work shows how the procedure may

vibrating blade by means of the FE-method. A resesrch be generalized to eliminate the aforementioned restrictions. L.
program was started with blade vibration measurements in Nonrectangular planforms are deait with by a suitable coordi- "

different operating ranges of the compressor and with two nate transformation. ."\"\‘
types of diffusers. Results are presented for the blade exci- -:.-:
tations obtained by throttling the compressor at various e

rotational speeds and for the cases of passing resonances by
increasing the rotational speed at constant throttle valve
position.
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. (Also see Nos. 1841, 1843, 1844) ]
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nE 84-1665 84-1667 N
3N Dynamic Analysis of Practical Blades with Shear A Study of EHD Lubrication in a Journal Bearing .t‘
Center Effect with Piezoviscous Lubricants r
9851 V. Karadaj S.C. Jain, R. Sinhasan, and D.V. Singh o
S Technical Univ. of Istanbul, Macka-istanbul, Turkey, Univ. of Roorkee, Roorkee, 247667, india, ASLE, N
4 {ﬁ J. Sound Vib., 92 (4), pp 471490 (Feb 22, 1984) Trans._27 (2), pp 168-176 {Apr 1984) 14 figs, 22 refs NN
W 8 figs, 11 tables, 32 refs s
N 29 ) Key Words: Besrings, Journal bearings, Elastohydrodynamic ':::'-.'
’ Key Words: Blades, Natural frequencies, Mode shapes, Finite properties Lo
Y e element technique @
4 The deformation of a beering, which can be of the order of o
\ Y] Shear center effects on the natural frequencies and mode the fluid film thickness when the bearing operates at large \‘.-;_
Ry shapes of rotating and nonrotating practical blades are con-  eccentricities, may affect the performance appreciably, and N
: “'\S sidered. An 18 degrees of freedom thick beam finite element all the more o if the viscosity of the lubricant changes with St
N is developed. Bending and sheer force displacements and pressure. In this peper, matched solutions for pressure _‘\
S slopes, and torsional displacements are taken as degrees of distribution and the besring displacement field, taking !
N ) freedom at both ends of the element. Total blade deflection into account the combined sffects of besring liner deforma- @
AN slopes are considered as composad of bending and sheer tion s well as change in viscosity of the lubricant, are ob- ;-”
1) force deflection slopes in caicuistions of blade strain and tasined by solving the respective governing equstions using a ?‘.‘ g
) kinetic energy. This element is compared with the existing suitable iteration scheme for eccentricity ratios up to unity. a0
, thin and thick beam finite elements, and theoretical models. The performance characteristics of the journsl besring snd f.:‘\:
l‘.:l Resuits obtained for the vibration characteristics of rotating their varistions with bearing ﬂcxibim, sre studied with ._-:
k) and norwotating nonuniform aerofoil cross-sectioned blades reference to eccentricity ratio and a deformation coefficient :-:
are compered with the svailable calculated and experimental which is a measure of the flexibility of besring shell.
) values. =
Yy 'q\ ’_'.
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pOMY 84-1666 84-1668 T
Q. ; Vibrations of Blades with Varisble Thickness and ~ Modal Analysis and Error Estimates for Linearized ®
!T.:!’,. Curvature by Shell Theory Finite Journal Bearings -3
Wyt J.K. Lee, AW. Leissa, and A.J. Wang E. Hashish and T.S. Sankar ‘ R
Ohio State Univ., Columbus, OH 43210 J. Engrg. SPAR Aerospace Ltd., Montreal, Quebec, Canada, vjx
‘1, X Gas Turbines Power, Trans. ASME, 106 (1), pp 11-16 J. Vib., Acoust., Stress, Rel. Des., Trans. ASME, _-‘:
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Key Words:
Linearization methods, Error analysis

Bearings, Journal beerings, Modal analysis,

The linearized model of a rigid symmetric rotor with finite
bearings is solved using modal analysis. Important parameters
of the finite beering system are evaluated and these include
the logarithmic decrement, demped natural frequencies,
complex frequency response functions, and inclination angles
of the orbits with the load direction. A chart of error mee-
sures giving the deviation of the linearized bearing stiffness
and damping from those of the actual nonlineer system is
provided.

84-1669

Theorctical Considerations of Molecular Mean Free
Path Influenced Slip in Self-Acting Gas-Lubricated
Plain Journal Bearings

M. Malik

Univ. of Roorkee, {ndia, IMechE, Proc.,_198 (4}, pp
25-31 (1984) 10 figs, 4 tables, 10 refs

Key Words: Bearings, Journal bearings

The purpose of this paper is to study the effect of slip under
the influence of molecular mean free path on the steady state
and dynamic performance characteristics of plain gas journal
bearings. The theoretical investigations have been made over
a wide range of compressibility numbers.

84-1670

The Dynamical Behaviour of Externally Pressurized
Gas-Lubricated Unloaded Porous Journal Bearings
M. Malik and C.M. Rodkiewicz

Univ. of Alberta, Edmonton, Alberta, Canada,
IMechE, Proc., 198 (4), pp 33-41 (1984) 8 figs,
1 table, 18 refs

Key Words: Bearings, Journal beerings

In many practical applications, such as with vertical rotors,
journal bearings operate with nearly zero eccentricities. in
such situations the externally pressurized gas-lubricated
porous bearings can offer a viable alternative to the self-
acting gas and oil bearings which are generally prone to film
induced instabilities under lightly loaded conditions. This
paper presents a thorough investigation of the dynamical
behavior of unioaded externally pressurized ges porous
bearings. An attempt is made to bring out clearly the effect
of the more important design variables on the dynamic
performance of the besrings. .
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84-1671

Minimization of the Variance in Oil-Film Damping
Coefficient Estimates

M.N. Sahinkaya, O.S. Turkay, and C.R. Burrows
Univ. of Strathclyde, Glasgow, UK, ASME Paper
No. 83-WA/DSC-6

Key Words: Bearings,
domain method

Damping coefficients, Frequency

The frequency-domain algorithm developed by the authors
to estimate oil-film bearing coefficients uses a least squares
estimator and produces the variances and confidence bounds
for the estimates. The variances can be minimized by correct
design of the experimental procedure as well as by the date
analysis package.

84-1672

A Study on Angular Stiffness and Damping Properties
of Externally Pressurized Gas Thrust Bearing with
Surface-Restriction Compensation

H. Yabe, T. Shiokawa, and H. Mori

Kyoto Univ., Yoshida-Honmachi, Sakyo-ku, Kyoto,
Japan, Bull. JSME, 26 (222}, pp 2251-22567 (Dec
1983) 13 figs, 4 refs

Key Words: Bearings, Stiffness coefficients, Damping coeffi-
cients

An externally pressurized gas-lubricated thrust beering with
surface-restriction compensation is analyzed theoretically for
an angular displacement scheme applying an equivalent
clearance model, which considers an equivalent recessed
thrust bearing neglecting the local flow components in the
bearing clearance, yielding angular stiffness and damping
coefficient. The design criterion of the bearing with surface-
restriction compensation is also discussed from the resuits of
theoretical calculations for angular stiffness and damping
coefficient.

84-1673

Dynamic Characteristics and Stability of a Helical-
Grooved Floating-Ring Bearing Operated in Turbu-
lent Regime

C.Y. Chow

Schenectady, NY 12303, ASLE, Trans., 27 (2), pp
154-163 (Apr 1984) 17 figs, 11 refs
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Key Words: Bearings, Stiffness coefficients, Damping coeffi-
cients

The performance of a helical-grooved floating-ring bearing
operated in turbulent regime has been studied. The load
capacity of this type of bearing is proportional to the sum of
speeds of journal and ring whereas the power loss is approxi-
mately proportional to the difference of these speeds. Nu-
merical resuits of dynamic stiffness and damping, the critical
mass plus the static performance are presented in graphical
forms or tables to facilitate design of this type of bearing.
Performance comparisons aré made with respect to those of
a singte journal bearing.

84-1674

An Externally Pressurized Supersonic Gas Thrust
Bearing (2nd Report, Dynamic Characteristics in
Supersonic Operations and Static Characteristics in
Sonic Operations)

Y. Mivake, T. Inaba, and T. Matsuoka

Osaka Univ., Suita, Osaka, 565 Japan, J. Tribology,
Trans. ASME, 106 (1), pp 169-173 {Jan 1984) 8
figs, 2 refs

Key Words: Bearings, Gas bearings, Clearance effects, Damp-
ing coefficients, Stiffness coefficients

The dynamic characteristics of a newly proposed supersonic
gas thrust bearing are analyzed under supersonic operations.
fts static characteristics in sonic operations are also investi-
gated. It is concluded that the ‘oad capacity, the stiffness
factor, and the damping factor are increased proportionally
to the supply pressure in either supersonic or sonic operation
range which is determined according to the magnitude of the
clearance.

84-1675

The Role of Cavitation in Whirl Instability in a Rotor
Bearing, 1 - The 7-Film Model

J. Brindley, L. Elliott, and J.T. McKay

Univ. of Leeds, UK, ASME Paper No. 83-WA/APM-24

Key Words: Bearings, Whirling

Dynamically loaded rotor beerings are frequently observed
to perform whirling motions, in which the center of the
rotor describes some sort of closed orbit. In this paper it is
demonstrated by using numerical computations of whirl
orbits in a simple 7-film model, the role of cavitation of the
fubricant in enabling fluid forces alone to drive such stable
orbits for certain ranges of parameter values.
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84-1676 e
The Role of Cavitation in Whirl Instability in a Rotor :.\_
Bearing, 2 -- Effect of Oil Inlet Position and Supply N
Pressure
J. Brindley, L. Elliott, and J.T. McKay G
Univ. of Leeds, UK, ASME Paper No. 83-WA/APM-25 s
R
Key Words: Bearings, Whirling, Cavity effect SR
O
Whirl orbits have been calculated for a cavitated rotor bearing e
in which the cavity is assumed to form at an cil inlet groove ;,;_‘,
and occupy the region in which subambient pressure is .\'P‘\
predicted from the equations of motion. Variations in :: _':
position of the inlet groove and in the oil supply pressure KRS
have a profound influence on the behavior of the journal, .$:.‘\
largely through the variations in cavity size and position that "1-1-'
are produced. c
Pk
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GEARS ROt
(Also see No. 1565) ey
84-1677 X
Study on the Effect of Tooth Fatigue on Dynamic
Performance of Gear Pair (1st Report: In the Case Q
of Induction-Hardened Chromium Molybdenum Steel
Gears)
K. Fujita, A. Yoshida, S. Nakata, and K. Kominami
Okayama Univ., Tsushima, Okayama City, 700 Japan, o~
Bull. JSME,__2§_(222), pp 2272-2278 (Dec 1983) 17 :;J.:
figs, 5 refs E LX)
Key Words: Gears, Gear teeth, Fatigue life, Fatigue tests
In order to elucidate the failure mode, load carrying capacity
and relation between tooth profile change and dynamic per- : A
formance in fatigue process of a surface hardened gear, ,~:._‘
operational fatigue tests were performed using induction- .‘_'.
hardened chromium molybdenum steel gears. The failure
mode in these experiments was pitting or tooth breakage
due to taoth surface fatigue except one example in which
tooth breakage occurred at tooth fillet. Tooth root strain,
mode in tooth stress frequency distribution, noise and
vibration increased as the tooth profile was degraded.
84-1678 i
Gear Single Tooth Bending Fatigue Test el
R.W. Buenneke, M.B. Slane, C.R. Dunham, M.P. DY
Semenek, M.M. Shea, and J.E. Tripp s
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Caterpillar Tractor Co., East Peoria, |L, SAE Paper
No. 821042

Key Words: Gears, Fatigue tests, Testing techniques

A single tooth bending fatigue (STBF) technique for testing
factors which could affect the fatigue life of gears has been
developed. The test fixture and testing technique described
in this paper were developed because of the large variations
in test procedure and specimen design used throughout the
industry. These variations cause difficulty in determining
relative importance of metallurgical factors on fatigue life
of hardened gears. Four companies participated in a round
robin testing program using the identically designed fixtures
to show how reproducible and sensitive the technique is to
metaliurigcal factors affecting fatigue life of gears.

84-1679

Improvement on the Fatigue Strength of Case Hard-
ened Gears by a New Heat Treatment Process

K. Nakamura, K. Mihara, Y. Kibayashi, and T. Naito
Technical Research Ctr., Komatsu Ltd., SAE Paper
No. 821102 (SP-522)

Key Words: Gears, Fatigue life

Retained austenite in the surface of carburized or carboni-
trided steel improves the pitting resistance of the steel under
rolling contact, aithough some deteriorative effect on the
bending fatigue is reported. The aim of this study is to make
clear the influience of retained austenite content on the
pitting and on the bending fatigue, and also to develop a
heat treating process which enables quantitative control
of retained austenite on the surface of gears.

84-1680

Prediction of Fatigue Life of Spiral Teeth through
Analysis of Finite Elements and Experimental Checks
D. Barbiero, A. Garro, and F. Rossi

Fiat Auto S.p.A., Direzione Tecnica, Sviluppo Pro-
getti, SAE Paper No. 820781

Key Words: Gear teeth, Gear boxes, Fatigue life, Finite ele-
ment technique

During initial geerbox design, the present trend is to use
gears with little diesmetral pitch and less valuable steel; first
for noise problems and then for economical and political
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reasons connected with the strategical availability of some
alloy materials. These reasons brought the teeth limit of
fatigue to minimum required values for gearbox endurance
and new methods of calculation were developed more and
more sophisticated than old ones. The paper describes the
theoretical approach to the stress calculation and discusses
the possibility of comparing the calculated data with the
fatigue tests and the related actual performances of the
gears in the case of different heat treating or surface finishing
conditions.

84-1681

A Basic Approach to Gearbox Noise Prediction

L..D. Mitchell and J.W. Daws

Virginia Polytechnic fnst. and State Univ., Blacks-
burg, VA, SAE Paper No. 821065 (SP-523)

Key Words: Gear boxes, Noise prediction

An overview of a strategy for the prediction of noise from
industrial gearboxes is provided. A review of the history of
predictive noise control in gearboxes is given. This paper
details the computational strategy for the determination of
the dynamic response of the internal gearbox components.
The spproaches presented here are significant departures
from those carried out in the past.

84-1682

Simulation on Rotational Vibration of Spur Gears
K. Umezawa, T. Sato, and J. Ishikawa

Tokyo Inst. of Tech., Res. Lab. of Precision Ma-
chinery and Electronics, Nagatsuta, Midori-ku, Yoko-
hama, Japan, Bull. JSME, 27 (223), pp 102-109
(Jan 1984) 12 figs, 19 refs

Key Words: Gears, Gear teeth, Spur gears, Vibration anaty-
sis, Stiffness effects, Geometric imperfection effects

This paper introduces a developed simulator on rotational
vibration and strain at the root of a tooth on a power trans-
mission spur gear. The simulator solves a differential equa-
tion with one degree of freedom in consideration of the
behavior of the stiffness around tooth tip maeshing. The
stiffness function is discussed and determined with static
and dynamic meshing tests under load. The errors of the
gears are put into the simulator with a newly developed
automatic gear accuracy meesuring instrument,

o

DRI
L

v

.

. ws "
e ey
c".'.'*‘!..
Pt o

%8

o [
,,

7
.' "
(X4

L$

A
0

e
\(‘-/‘(

n"-.'A'l'
s
s

P
b
2

a8
R

PHL N




Aafn Ca Yo W v o, LS P P S R it e TRl e LY AN Sl T .,

1'\",\- iR A S AMMEN L . AR T TV TN W - .

.‘ 3 .'--

*:_' . .:'?.:
-

L. .

ek A
N RS

.’N ..'--

COUPLINGS

84-1683
Torsional Vibrations of Reciprocating Engine Ma-

Mitsubishi Heavy Industries, Ltd., Tokyo, Japan,
Rept. No. MTB-152, 9 pp (May 1982)
DE83703010

able attenuation of ultrasonic waves. To improve flaw detect-

‘.’.

'\n_'.' . . N . . Key Words: Joints (junctions), Welded joints, Testing tech- X o
N ?hmery with Notflmear Gouplmgs (l?reha.chwmgungen niques, Ultrasonic techniques o
14 in Kolbenmaschinenanlagen mit nichtlinearen Kup- .
-y b
E}'}f plungen) Ultrasonic testing of austenitic stainless steel welds is con- =S
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Modern drive units are often equipped with highly elastic 84-1686 L. . . . ,.;.
couplings. As a resuit of the ever present preload, additional Characteristics of Threaded Joints in Ultrasonic o
problems are caused when asymptotical methods are used Vibrating System ':-';
for the caiculation of torsional vibrations. This article takes H. Kumehara, K. Morimura, K. Maruyama, and |. ,.f_.
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In order to develop the most suitable design method of the .: '
threaded joints in an ultrasonic vibration system, the effects :\::
84-1684 of dimensions of the threaded joint, form accuracy of bearing -
Vibrations of Bonded Beams with a Single L‘P surface and tightening force on the characteristics of trans- ,‘.
Adhesive Joint mitting ultrasonic vibration are investigated experimentally e
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H. Saito and H. Tani end theoretically BN
Tohoku Univ., Sendai, Japan, J. Sound Vib., 92 (2), oN
pp 299-309 (Jan 22, 1984) 8 figs 0
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The natural frequencies and loss factors of the coupled 841687 e
longitudinal and flexural vibrations of a system consisting TR . . . O
of a pair of perallel and identical elastic cantilevers which Dynamic Analysis of Rotary Combustion Engine e
are lap-jointed by viscoelastic material over a length a  from Seals 2
their free ends are investigated. A complete set of equations J. Knoll, C.R. Vilmann, H.J. Schock, and R.P, o
4 of motion and boundary conditions governing the vibration Stumpf R
'« of the system are derived. The solution of these equations, . =
: subject to wmtisfying the boundary conditions, yieids the NASA Lewis Res. Ctr., Cleveland, OH, Rept. No. -
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. . " . namic analysis of the gas sealing grid in rotary combustion Y
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channel, and apex sesl rotation within the restraining chan-
nel. The resuits predict that apex seals do separate from the
trochoida!l bore and shift between the sides of their channels.
The results also show that these two motions are regularly
initisted by a sesl rotation. The predicted motion of the
apex seals compares favorably with experimental results.
Frictional losses associsted with the sealing grid are also
calculated and compare well with measurements obtained
in a similar engine. A compariscn of frictional losses when
using steel and carbon apex seals has also been made as well
as friction losses for singie and dual side sealing.

84-1688

Turbulent Flow Annular Pump Seals -- A Literature
Review

L. E. Barrett

Univ. of Virginia, Charlottesville, VA 22901, Shock
Vib. Dig., 16 (2), pp 3-13 (Feb 1984) 2 figs, 65 refs

Key Words: Seals, Pumps, Nuclear reactors, Reviews

This paper presents a review of the literature on turbulent
flow annular seals including both theoretical and experi-
mental work. Emphasis is placed on the application of these
seals to main coolant pumps used in nucleer reactor facilities.
A numerical example for caiculating the dynamic force
coefficients for rotor-dynamic response is presented together
with design considerations relevant to main coolant pump
applications.

84-1689

Dynamics of Two-Phase Face Seals

R.M. Beeler and W.F. Hughes

Carnegie-Melion Univ., Pittsburgh, PA 15213, ASLE,
Trans., 27 (2), pp 146-153 (Apr 1984) 15 figs, 6 refs

Key Words: Sesls, Phase effects

The effects of phase change on load support is studied
anslytically for parallel and tapered face seals. An adiabatic
modei for low Reynoids number flow is considered. The
descriptive fluid equations are integrated numerically to give
opening force due to fluid film pressure. Loci of steedy-state
solutions are plotted for water to give curves of load support
8s 8 function of film thickness. A qusasi-steady transient
anelysis is made for axial excursions of the seal rings.
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STRINGS AND ROPES

84-1690

Iterative Solution of a Non-Linear Boundary Value
Problem for a Rotating Spring

C.D. Luning and W.L. Perry

Sam Houston State Univ., Huntsville, TX 77340,
Intl. J. Nonlin. Mech., 19 (1}, pp 83-92 (1984) 1
fig, 2 tables, 8 refs

Key Words: Strings, Rotating structures, Equations of mo-
tions, Boundary value problems

The problem of determining the motion of a rotating inex-
tensible string of length |, free at one end and fixed at the
other can, under certain assumptions, be treated by solving
a nonlinear boundary value problem, In this paper two
Picard-type iterative schemes are constructed and the se-
quences generated are proved t0 converge to a positive
solution of that nonlinear boundary value problem.

84-1691

Free Vibrations of a Loaded Rubber String

M.F. Beatty and A.C. Chow

Univ. of Kentucky, Lexington, KY 40506, intl. J
Nonlin. Mech., 19 (1), pp 69-82 (1984) 5 figs, 9 refs

Key Words: Strings, Elastomers, Free vibration

The problem of the finite amplitude, free vertical oscillatory
motion of a mass attached to 8 neo-Hookean rubberlike
string is solved exactly in terms of elementary functions and
the Heuman lambda function, which is related to the elliptic
integral of the third kind. Hence, the period of the oscilla-
tions for the various possible motions may be computed
from tables of values of the complete lambda function,

CABLES

84-1692
Vibration of Overhead Transmission Lines IV
R.N. Dubey and C. Sahay
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Univ. of Waterloo, Waterloo, Ontario, Canada, Shock
Vib. Dig., 15 (12), pp 11-15 (Dec 1983) 32 refs

Key Words: Transmission lines, Wind-induced excitation,
Galloping, Damping effects

This review describes recent literature published in various
areas related to vibration of overhead transmission lines.
Topics include wind loading, aeolian vibration, wake-induced
oscillation, galloping, and damping.

84-1693

Finite Deformation Analysis of Cable Networks
A. Chisalita

Polytechnical Inst. of Cluj-Napoca, Romania, ASCE
J. Engrg. Mech., 110 (2), pp 207-223 (Feb 1984}
4 figs, 3 tables, 24 refs

Key Words: Cables, Finite deformation theory, Natural
frequencies, Mode shapes

A finite deformation formulation for dynamic analysis of
cable nets is presented. Lagrangian coordinates and Piola-
Kirchhoff stresses are used and elasto-plastic material be-
havior is considered. Under assumption of straight cable
elements and a displacement field varying linearly along the
element, global equations of motion are established by
referring the displacements to an initial configuration. These
equations are linearized for iterative computation of the
equilibrium configuration and for determining the eigen-
frequencies and mode shapes of the linear vibration of the
net about its equilibrium configuration. This analysis is
performed by means of a computer program that can analyze
nets anchored in fixed points.

84-1694

Panar Non-Linear Free Vibrations of an Elastic
Cable

A. Luongo, G. Rega, and F. Vestroni

Istituto di Scienza delle Costruzioni, Universita di
Roma Via Eudossiana 18, 00184, Roma, ltaly, Intl.
J. Nonlin. Mech., 19 (1}, pp 39-52 (1984) 7 figs,
1 table, 15 refs

Key Words: Cables, Equations of mation, Nonlinear theories

Continuum nonlineer equations of free motion of a heavy
elastic csble sbout a deformed initial configuration are
deveioped. Referring to an assumed mode technique one
ordinery equation for the cable planar motion is obtained
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via a Galerkin procedure, an approximate solution of which
is pursued through a perturbation method. Suitable non-
dimensional results are presented for the vibrations in the
first symmetric mode with different values of the cable
properties.

84-1695

Linear Dynamics of Cables and Chains

M.S. Triantafyllou

Massachusetts Inst, of Tech., Cambridge, MA 02139,
Shock Vib. Dig., 18 (3), pp 9-17 {Mar 1984) 5 figs,
42 refs

Key Words: Cables, Chains, Reviews

This paper is a review of cable dynamics. A historical back-
ground is followed by sections containing literature reviews
of the formulation of the problem and of linear dynamics.
Effects of elasticity on the linear dynamics of an elastic
cable hanging between two points at the same level are
stressed.

BARS AND RODS
(Also see No. 1703)

84-1696

Wave Propagation in an Infinite Long Bar of Arbi-
trary Cross Section and with a Circular Cylindrical
Cavity

K. Nagaya and T. Watanabe

Gunma Univ., Tejin-Cho-Kiryu, Gunma 376, Japan,
J. Acoust. Soc. Amer., 75 (3), pp 834-841 (Mar
1984) 3 figs, 4 tables, 26 refs

Key Words: Bars, Cavity-containing media, Wave propaga-
tion, Solid rocket propellants

This peper presents a method for solving wave propagation
problems of an infinite bar of arbitrary cross section with
a circular cylindrical cavity. In the analysis the exact solution
of the wave equations based on the three-dimensional theory
of elasticity which satisfies the boundary conditions of the
inner circular cylindrical cavity has been utilized. The bound-
ary conditions of the outer arbitrarily shaped surface of the
bar are satisfied by use of the Fourier expansion collocation
method. The analysis derives the frequency equation for
determining the phase velocities of the bar of arbitrary cross
section with the cavity. As an example numerical calculations
have been carried out for an elliptical cross-section bar with
a circular cylindrical cavity.
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‘ 84-1697 of Thessaloniki-Greece, Meccanica, 18 (4), pp 254-
€< Stability of Follower-Foree Rods with Weight 265 (Dec 1983) 10 fiys, 23 refs -
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H.H.E. Leipholz and R. Piche

Univ. of Waterloo, Waterloo, Ontario, Canada,
ASCE J. Engrg. Mech,, 110 (3), pp 367-379 (Mar
1984} 6 figs, 14 refs

Key Words: Rods, Follower forces, Flutter, Missiles

The effect of follower forces and weight on the stability
of elastic rods is studied using the 2-mode Galerkin method.
Stability boundaries are presented to show ho